“Zap”  New  Life  Into 
Dead  NiCd  Batteries 

AUDIO _ 

Tape  Recorder  Hygiene 

HOWTO  MAINTAIN  RECORDERS 
IN  PEAK  CONDITION 

Build  a  Low-Cost 
Pink  Noise  Generator 

A  VALUABLE  AUDIO  TEST  TOOL 

COMMUNICATIONS 

„  |  M  H  Ml  |  |,M|  Mil  IM 

Deciphering  Utility 
Code  Broadcasts 
Without  Knowing 
Morse  Code! 

TEST  REPORTS _ 

Radio  Shack  STA-2000 
Stereo  FM  AM  Receiver 

Koss  K-145  Stereo  Headphones 
Cobra  29XLR  40-Channel  AM 
CB  Mobile  Transceiver 


Two  Fantastic 
Video  Projects 


V. 


ttitmmiimmtmmtm: 


8U1L0  THIS  TUT -6 


TOUR  SOFTWARE  CONTROL  CAN 
INCLUOE  INTERLACE.  SCROLLING, 
t  A  FULL  PERFORMANCE  CURSOR 


ll: 


UP  TO  4096  SHARP  CHARACTERS 
ON  THE  SCREEN  IN  LESS  than 
THREE  NEGAHER T Z  TU  bandwidth 


ittltlltlttttttttttttttttttlt- 


BUILD  DON  LANCASTER’S 
LATEST  "TV  TYPEWRITER” 
It’s  a  $35  Interface  Board 


r 


COBMHC 


,1  mu 1 


GRAPHICS  COMES  TO  THE 
"ELF”  MICROCOMPUTER! 
This  One’s  Less  Than  $25 


Introducing  the  mobile  that  can  move 
you  out  of  the  world  of  the  ordinary 
and  into  the  world  of  the  serious  CB'er 
The  Cobra  138XLR  Single  Sideband 
Sidebanding  puts 
you  in  your  own 
private  world.  A 
world  where  there's 
less  congestion. 

More  privacy 
More  time  to  talk 
Its  all  possible  because  instead  of  40 
channels  you  get  your  choice  of  120 
channels.  Both  AM  and  SSB  And 
instead  of  4  watts  of  legal  power  you 
get  12  watts  of  legal  power.  So  you  get 
almost  double  the  range  of  AM 
With  the  138XLR  Single  Sideband 
there's  less  background  noise  and  less 
interference.  So  there's  cleaner,  clearer 
reception.  Because  like  all  Cobras,  the 
138XLR  SSB  is  engineered  to  punch 
through  loud  and  clear  Even  in  crowded 
metropolitan  areas 


And  like  all  Cobras  it  comes  equipped 
with  such  standard  features  as  an  easy- 
to-read  LED  channel  indicator. 
Switchable  noise  blanking  and  limiting 
An  RF/signal  strength  meter  And 
Cobra's  exclusive  DynaMike  gam  control 
You'll  find  the  138XLR  SSB  wherever 
Cobras  are  sold  Winch  is  almost  every¬ 
where  Because  Cobra's  got  a  nationwide 
network  of  dealers  and  Authorized 
Service  Centers  offering  sales,  installation, 
service  and  advice.  So  come  on  in 
And  move  on  up 


Punches  through  loud  and  clear. 

Cobra  Communications  Products 

DYNASCAN  CORPORATION 

6460  W  Cortland  5t ,  Chicago,  Illinois  60635 

lor  colm  brochure 

EXPORTERS  Em; ire  -  fi  j  -  CANADA  Aflr.  ■  Irm. 
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UPWARD 


Pholo  courtesy  of  Edmumj  ScteriliHc  Co. 


AVANTI  Invents  the  Saturn  Base 


The  reason  the  “Saturn”  is  so  revolutionary 
is  that  it  is  absolutely  the  only  combination 
vertical  and  horizontal  omnidirectional 
antenna.  That's  right,  It  needs  no  rotor! 
You  can  pick  up  mobiles  (which  are  vertical) 
or  horizontal  and  vertical  beams. 

The  “Saturn”,  invented  after  years  of  re¬ 
search  by  Avanti  engineers,  is  the  latest 
development  using  AVAN'lTs  unique  CO- 
INDUCTIVE  principle  to  give  you  the  per¬ 
formance  of  two  antennas  combined  into 
one. 

The  “Saturn”  not  only  works  on  both 
polarities,  but  pounds  out  signals  like  an 
air  hammer  and  picks  them  up  like  a  magnet. 
Both  polarities  offer  high  gain  figures. 

u  m  |p  ® 


Height  22 
R*dUls  9' 

Weight  Itlbf 
Oifinl'dlrveilonii  —  Nofoiw 
AV-&Q1  Switchbox  tocludbd 


Pjfent  Psnd-rtji 


Those  of  you  who  are  worried  about  sun 
spots  and  “skip”  can  relax  too.  This  antenna 
really  helps.  When  the  sun  spots  cause  a 
signal  shift,  you  can  often  change  polarity 
(just  tike  our  P.D.L  or  Moonraker)  and  stiil 
pick  up  the  desired  channel  with  no  loss  of 
transmission. 

The  P.D.L.  and  Moonraker  made  dual  polarity 
famous  as  the  only  antennas  to  have  during 
the  last  sun  spot  cycle,  and  this  time  around 
any  serious  C.B/er  will  want  to  have  the 
“Saturn/1 

In  fact,  having  a  “Saturn”  and  a  "P.D.L*’ 
or  “Moonraker”  will  put  you  in  the  elite 
group  of  C.B.'ers  who  “always  seem  to  get 
out  better.” 


Avanti  makes  a  complete  tine  of  high  performance  base  and  mobile 
CB  antennas  from  $11,95  to  $404,00.  Write  for  free  Avanti  catalog. 


AVANTI  RESEARCH  AND  DEVELOPMENT,  INC., 
340  Stewart  Avenue,  Addison,  IL  60101 


Copyright  1977.  AH  rights  reserved 
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C  waters  of  the  tame  us 
EM  WEE  ihFORMATiOW  CABO 


rrs  WHAT  YOU  GET  WHEN  YOU  RUN  WITH  NUMBER  1.  MIDLAND  CB. 


Consistency,  if  ortfc  word  can  T 
sum  up  Midland’s  rise  to 
Number  1  in  CB,  that’s  it. 

We’ve  got  to  know  that  the, 
ten-thousandth  Midland  will 


perform  every  watt  and  ohm  as 
reliably  as  the  first  Midland  off 
the  line. 

To  make  sure,  we  use 
computer  technology  through¬ 
out  the  manufacture  of  all  our 
new  40-channel  models. 

In  the  assembly  and 
integration  of  our  state-of-the- 
art  circuitry. 

In  the  ultra-fine  tuning  of 
those  circuits. 

And  in  the  final  testing  of 
your  new  40-channel  Midland 
CB,  so  you  know  it’ll  deliver. 


right  out  of  the  box. 

Add  to  that  Midland’s  15 
years’  experience  in  CB, 
Midland’s  warranty  and 
convenient  authorized  service 
centers,  coast  to  coast. 

Pure  guts.  Pure  reliability. 
Pure  Midland  Power.  That's 
what  you  get  when  you  run 
with  Number  1. 

For  your  free,  full-color, 
24-page  1977  Midland  CB 
brochure,  write:  Midland 
International,  P.O.  Box  12737, 
North  Kansas  City,  Mo.  64116 


-  _ *  *  r,  “ 

Shop  for  these  active  Jiving  products  from  Midland  International:  Benchmark  Tools  * 

Goodwin  Sporting  Goods  *  Medallion  Car-Sound  Products  f  'Midland  Television  *  Young  World  Toys. 

-tooE  tm  zm  * 
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SOLAR  ENERGY  NEWS  NOTES 


I1  A  recent  energy  policy  study  by  the  mitre  Corp.  concludes  that  nuclear 
power  is  the  economical  choice  for  at  least  the  remainder  of  the 
century.  .  .  .  If  other  than  economic  considerations  accounted,  coal 
might  eventually  prove  more  attractive.  .  .  .Solar  energy  for  heating 
houses  will  be  practical  in  the  near  future  m  favorable  situations,  but 
there's  little  prospect  for  competitively  priced  solar  power  in  this  century. 

(A  Fusion  Energy  Foundation  spokesman,  however,  says  that  the  total 
study  was  justification  to  cut  the  Clinch  River  Tenn.  fast-breeder  reactor 
program.) 

11  In  contrast,  the  latest  paper  from  Worldwatch  Institute  (Energy:  The 
Solar  Prospect)  concludes  that  subsidizing  energy  forms  other  than  solar 
makes  devices  for  the  latter  appear  relatively  costly.  Removing 
subsidization  would,  according  to  the  paper,  make  solar  resources  able  to 
provide  40  percent  of  the  world's  energy  needs  by  the  end  of  the  twentieth 
century.  Researchers  at  the  University  of  New  Mexico,  in  a  study  prepared 
for  the  Joint  Economic  Committee  of  Congress,  also  claim  that  solar 
energy  could  compete  with  other  energy  sources  (by  1 990). 

*1  President  Carter  asked  Congress  to  downplay  the  future  use  of  nuclear 
energy  in  his  overall  energy  conservation/ production  proposals, 
fl  At  IBM  Corp.'s  Palo  Alto  facilities,  powerful  computers  are  exploring 
solutions  to  the  problems  of  tapping  the  sun  as  a  widespread  and 
economical  source  of  energy. 

1  Carl  Pepper’s  amazing  solar  heating  machine  provides  55  percent  of 
the  heating  needs  in  his  3200-square-foot  home  in  Granton,  Ontario, 
Canada.  Cost  is  said  to  be  $1300,  with  projected  savings  in  fuel  oil  of  more 
than  $3000/year  by  1 996.  The  builder  sells  solar  construction  plans  for 
$10  and  a  differential  thermostat  for  $60,  the  latter  said  to  be  reversible  for 
cooling  the  house  in  the  summer.  {See  Ffarrowsm/fh,  Jan. /Feb.  1 977 
issue,  $1 .00,  published  by  Camden  House  Publishing,  Camden  East, 
Ontario,  Canada.  KOK-1  JO.) 

li  An  advertiser  in  Newsday.  a  Long  Island,  N.  V,,  newspaper,  offers 
swimming-pool  solar  energy  heaters  for  $1 900. 

$  A  selection  of  texts  on  solar  energy:  The  Solar  Energy  Handbook, 
Time-Wise  Publications,  P.  O.  Box  4140,  Pasadena,  CA  91106  (87  pages, 
soft  cover,  $3.95,  plus  $.50  handling);  Solar  Energy  Directory,  Centerline 
Corp.,  401  S.  36th  St.,  Phoenix,  A Z  85034  (108  pages,  soft  cover,  $7.50); 
Wind/ Solar  Energy,  by  Edward  Noll,  Howard  W.  Sams  &  Co,,  Inc,, 
Indianapolis,  IN  46268  (208  pages,  soft  cover,  $7.95);  Solar  Cells,  (IEEE 
Press  Selected  Reprints),  John  Wiley  &  Sons,  Inc.,  605  Third  Ave.,  New 
York.  NY  10016  (504  pages,  $29.95  cloth,  $8.95  soft  cover). 

Judging  from  the  response  to  our  annual  tongue-in-cheek  "April  Hobby 
Scene,”  which  included  an  implausible  solar  cell  project,  there’s  an 
extremely  high  level  of  interest  in  solar  energy.  Perhaps  these  serious 
observations  will  partially  whet  it.  As  an  aside,  I  wonder  what  the  new 
budget  for  energy  research  will  be.  Solar  thermal  research  fof  fiscal-year 
1 976  was  budgeted  for  only  89-million  dollars;  not  much  by  any  standard, 
and  only  some  4  5  percent  of  the  total  revised  energy  R  &  D  budget. 
However,  the  Carter  administration's  new  energy  package  seems  to 
promise  that  solar  devices  will  soon  have  their  day  in  the  sun. 
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Do-it-yourself  JBL 


Take  the  guts  of 
what  makes  JBL  JBL 
and  adapt  it  to  your 
own  ideas  of  what  a 
loudspeaker  system 
should  be. 

Mix  and  match  with 
forty-seven  individual 
JBL  components— 
horns,  lenses,  dividing 
networks,  transducers, 
everything. 

And  when  you’ve 
found  your  perfect 
sound,  we’ll  help  you 
find  somewhere  to  put 
it:  The  JBL  Enclosure 
Construction  Kit,  with 
complete  plans  for 
building  your  own  loud¬ 
speaker  enclosure 
from  scratch. 

See  your  authorized 
JBL  Loudspeaker 
Components  dealer  for 
the  start  of  a  great  new 
team  in  sound:  You 
and  JBL. 
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Letters 


DOCTORS  SAY  NOT  TO  WORRY 

No  matter  how  "spacey"  the  rest  of  Ihe 
wortd  goi,  I  coufd  always  depend  on  good  ote 
PE  to  be  swimming  in  the  '“rear  world  of 
pahs  specifications  and  product  news  Then  I 
saw  April  s  “  How  to  DX  Earth  Radio  From 
Outer  Space/'  I  still  talk  to  myself  and  my 
hands  shake,  but  the  doctors  tell  me  not  to 
worry.  Just  kidding  J  can't  begin  to  tell  you 
how  much  I  enjoy  reading  your  magazine. 
— Michael  Swaney,  Erie.  PA. 

ETC  HAS  ROM  MONITOR 

I  read  with  interest  the  April  1977  Comput¬ 
er  Bits  column  and  was  not  pleased  that  the 
only  remark  about  our  product  was  an  unfa* 
vorable  comparison  with  a  competitor,  espe- 
cialty  when  this  remark  was  based  on  misim 
formation  The  Model  ETC- 1000  Basic  Sys¬ 
tem  includes  a  40-key  keyboard  that  is  oper¬ 
ated  by  a  monitor  system  that  permits  the 
user  to  effectively  operate  a  minimum  system 
or  to  initialize  and  perlorm  other  housekeep¬ 
ing  operations  *n  systems  with  terminal  inter¬ 
faces.  Our  terminal  monitor  version  comes  m 
two  packages,  the  8k  and  16k  configuration 
(the  latter  including  an  assembler),  and  dis¬ 
assembler,  Basic,  cassette  I/O,  Utilities,  and 
a  variety  of  other  program  packages.  —  E.S. 
Bjornsson.  Electronic  Tool  Co,,  Hawteorrre, 
CA 

Our  apologies  for  the  erroneous  descrip¬ 
tion  of  the  ETC-1QQQ  The  ROM  monitor  sys¬ 
tem  indeed  uses  40  buttons  to  allow  calling 
routines  from  the  monitor  without  need  of  a 
terminal.  Debugging  is  simplified  by  using  a 
built^n  break-point  routine,  and  included  is  a 
thorough  memory  diagnostic  system. 

"OlGfSTART  S’“  COLLAPSING  FIELD 

After  reading  the  'Digistart"  (April  1977) 
article,  I  noticed  a  minor  omission  in  the  cir¬ 
cuit  that  might  cause  operating  problems 
When  the  Of  transistor  cuts  off,  the  collaps¬ 
ing  field  of  the  K1  coil  could  induce  a  large 
enough  back  emf  to  destroy  the  transistor.  To 
remedy  this,  it  is  suggested  that  a  diode  be 
installed  across  the  relay’s  coil  in  reverse 
bias  To  be  on  the  sate  side,  the  rectifier  di¬ 
ode  should  be  rated  at  no  less  than  100  PfV 
at  1  ampere  —Alan  Bradford,  Derry ,  NH. 

APRIL  FOOL”  IS  2-WAY  STREET 

We  were  intrigued  with  the  high-efficiency 
solar  ceil  described  *n  the  April  Hobby  Scene 
Because  the  corresponding  ketone  (3,7- 
dimethy1pentadecan-?-one)  rs  available  in 
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large  quantities,  at  least  in  the  midwest,  by 
ether  extraction  from  the  saliva  of  pregnant 
sows,  this  seemed  like  the  logical  starting 
pomi  Reduction  of  this  ketone  with  sodium 
borohydride  gave  the  alcohol  that,  upon  treat¬ 
ment  with  propionyi  chloride  in  pyridine.  gave 
the  desired  propionate  ester  in  good  yield 

The  solar  cell  was  then  constructed  pretty 
much  as  described,  except  that  a  glass  spray 
bottle  could  not  be  used  to  apply  the  com* 
pound  to  the  sand,  This  is  because  the  chem¬ 
ical  also  reacts  with  the  silica  in  the  glass  and 
the  resulting  deoxygenation  process  is  vio¬ 
lent.  A  plastic  bottle,  however,  works  quite 
well.  The  cell  actually  is  more  efficient  than 
the  one  described,  providing  about  87%  con¬ 
version  —Or.  C.TC.Creedy  and  co-workers, 
Charles  F.  Kettering  Research  Laboratory , 
Yellow  Springs r  OH 

You  slated  that  car-radio  frequency  drift 
was  due  to  the  Doppler  effect  and  that  the 
problem  should  be  corrected  with  a  phase- 
locked  loop.  My  God,  leM  the  fool  to  slow 
down!  For  an  audible  Doppler  shift  to  occur  in 
the  commercial  AM  band  (let  s  say  5  Hz.  to 
be  conservative),  this  person  would  have  to 
be  driving  faster  than  5000  rnph.  By  helping 
him  to  keep  his  radio  tuned,  you  are  aiding 
and  abetting  this  reckless  and  unlawful  oper¬ 
ation  of  a  motor  vehicle — Walter  Satre , 
Chairman,  Electrical  &  Electronics  Technolo¬ 
gy  Depr,  Vermont  Technical  Cotfege.  Ran¬ 
dolph  Confer,  VT. 

In  discussing  the  well-known  effect  of  ra¬ 
diation  pressure  from  car  stereo  speakers  in 
the  April  Hobby  Scene,  Marcia  Swampfelder 
overlooked  the  most  important  application  of 
them  all:  swinging  the  speakers  forward  to 
assist  in  braking  Such  dynamic  air  braking 
does  not  wear  down  the  tires  and  has  been 
used  effectively  for  years  in  fire  engines. 
When  close  to  the  fire,  the  driver  swings  his 
siren  around  to  hasten  the  stop.  You  can  de¬ 
termine  Ihe  precise  moment  when  he  does 
this  from  the  change  in  pitch,  caused  by  the 
Doppler  effect,  provided  you  are  nol  dose  to 
the  fire.  —  Harry  E  Stockman,  Arlington ,  MA 

DXTNG  EARTH  ON  CHANNEL  6B 

The  statement  that  there  is  only  one  chan¬ 
nel  68  in  North  America  in  "How  to  DX  Earth 
Radio  From  Outer  Space"  (Apni  1977)  is  in¬ 
correct  Independent  station  WBTB  TV  in  Ne¬ 
wark.  NJ  operates  on  channel  Gfl.  —John  J, 
Dynarskr.  Caderet,  NJ 

FREQUENCY  READOUT  PROJECT  A  HIT 

I  wish  to  thank  Popular  Electronics  and 
author  David  L  Mattis  for  the  'Digital  Fre¬ 
quency  Readout  for  Shortwave  Receivers'1 
(February  1 977),  After  connecting  it  to  my  re¬ 
ceiver,  it  was  surprisingly  accurate  and  Sta¬ 
ble.  I  can  set  my  receiver  lo  a  predetermined 
frequency  and  just  wait  for  the  signal  to  fade 
in.  Also,  the  display  is  especially  bright  and 
clear  and  can  be  read  from  dear  across  the 
room. 

Incidentally,  the  hookup  point  given  in  the 


article  is  incorrect  for  my  1973  Lafayette  Ra¬ 
dio  Model  HA-SOOA  receiver.  The  correct  tie 
point  is  the  junction  of  C3I  and  Ft  1 6.  The  cir¬ 
cuit  board  in  the  receiver  is  already  dhtied  to 
permit  such  a  connection,— Stephen  E. 
Franklin,  Etlicott  City T  MD 

I  built  the  'Digital  Frequency  Readout1' 
project  from  a  kit  supplied  by  Mattis  Electron¬ 
ics  and  am  delighted  with  it,  I  was  impressed 
by  the  fine  kit  of  parts  supplied.  Everything 
was  included  and  the  project  worked  immedi¬ 
ately  upon  completion.  — O.C.  Mead.  Greens¬ 
boro,  NC 


AN  ERROR  IN  SWITCHING 
In  "Build  a  Digital  Bicycle  Speedometer" 
(March  1977),  it  is  stated  that,  to  calibrate  the 
project  one  must  "depress  $2  and  adjust  R2 
until  the  display  indicates  the  wheel  s  diame¬ 
ter,"  Since  S2  is  Ihe  power  switch,  the  in¬ 
structions  should  read:  'depress  S3  .  ,  — 
Rick  Stievenart,  Carbon.  IN 


THANKS  FOR  THE  "ELF' 

My  thanks  to  Joe  Wetebecker  for  designing 
the  "COSMAC  Elf  Microcomputer"  (August 
1976),  t  built  my  micro  using  slide  switches, 
discrete  LED's,  and  a  555  timer  1C  for  econo¬ 
my.  (In  my  project,  the  555  timer  can  be 
placed  in  either  of  two  positions  in  a  1 6-pin 
DIP  socket  to  give  me  either  a  high  or  a  low 
clock) 

The  basic  construction  technique  I  used  In 
assembling  my  Elf  was  Wire  Wrap,  with  two 
bus  strips  tor  power  distribution.  My  main 
problem  during  assembly  was  trying  to  find 
22-pm  Wire  Wrap  sockets.  Since  I  couldn't 
find  them  anywhere,  I  had  to  build  my  own 
from  Mole*  Soldercons,  Vector  J  pins,  and 
epoxy  cement  My  next  project  is  to  build  my 
Elf  with  a  hex  keyboard  and  1024  words  of 
memory.  — Charles  J  Billwifler,  Rancho  Cor¬ 
dova,  CA. 


SLIDE  SYNCER  STEERS  MOTORBOAT 

I  enjoyed  building  "The  35-mm  Slide  Sync- 
er '  (November  1976).  Found  the  circuit  to  be 
so  stable  that  t  plan  to  use  two  of  them  in  a 
programmable  steering  system  for  my  motor- 
boat,  The  only  "bug"  in  the  system  is  that  it 
will  trigger  from  some  momentary  signals  oth¬ 
er  than  its  center- frequency  signal.  This  prob¬ 
lem  can  be  eliminated  by  increasing  the  value 
of  CG  lo  20  or  30  p.F_ 

1  also  found  that  the  circuit  refused  to  trig¬ 
ger  at  low  signal  levels.  I  discovered  that  by 
paralleling  R2  with  a  50,000-ohm  potentiom¬ 
eter,  this  second  problem  could  be  elimi¬ 
nated.  These  modifications  ensure  excellent 
circuit  operation  —Mark  Irgang ,  New  York, 
NY. 


MORE  SOUR  VIEWING  SAFETY 
"Propagation  Forecasts  For  Radio  Com¬ 
munications"  (November  1976)  contains  an 
error  regarding  the  use  of  the  Kodak  #4  neu- 
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traf-density  filter  which  could  have  serious 
consequences.  The  safest  way  to  view  the 
sun  through  binoculars  or  a  telescope  is  by 
projection.  If  direct  viewing  is  required,  it 
should  be  done  only  through  full- aperture  fit¬ 
ters  of  the  deposited-metal-fifm  type  such  as 
that  shown  on  the  telescope  in  Fig.  3  of  the 
article.  These  filters  effectively  block  all  harm¬ 
ful  radiation. 

Another  method  is  to  use  one  or  more  lay¬ 
ers  of  btack  and  while  (not  color)  film  that  has 
been  exposed  to  direct  sunlight  and  then  de¬ 
veloped.  These  are  suitable  for  direct  viewing 
but  not  photography  because  they  degrade 
the  image 

Another  area  of  danger  »s  in  the  use  of  the 
so-called  "sun  fitters"  supplied  with  many 
inexpensive  telescopes.  These  filters  are 
meant  to  be  used  on  the  eyepiece  Since  they 
will  be  near  the  focal  plane  of  the  main  objec¬ 
tive  lens  or  mirror,  it  is  possible  that  sufficient 
heat  could  be  built  up  in  the  filter  to  cause  it  to 
crack.  The  damage  to  the  eye  would  occur 
before  the  observer  could  move  away  from 
the  eyepiece.— John  Hudafc.  Vice  President H 
Hamilton  Centre  of  the  Royal  Astronomical 
Soctefy  of  Canada r  Ontario.  Canada * 


ANOTHER  CLASS  OF  AMPLIFIER 
We  read  with  interest  "Classes  ol  Audio 
Amplifiers"  { March  1977)  and  noted  that  al¬ 
though  the  article  covered  classes  A  through 
G,  it  failed  to  mention  the  class  K  "reference 


shift"  amplifier  The  class-K  amp  15  simitar  to 
the  class-A  amp  except  that  the  average  di¬ 
rect  current  to  the  power  amplifier  is  con¬ 
trolled  as  a  function  of  the  audio  level.  Thus, 
no  more  power  is  consumed  than  is  neces¬ 
sary  to  minimize  distortion  for  a  particular  au¬ 
dio  level  This  makes  its  average  efficiency 
appreciably  higher  than  for  the  ctass-A  am¬ 
plifier,  The  principal  virtue  of  the  class-K  am¬ 
plifier  is  that  it  yields  about  twice  the  power 
output  of  a  class-A  system,  using  the  same 
tube  or  transistor.  Of  course,  the  class-K  sys¬ 
tem  is  not  suitable  for  hi-fi  without  special  re¬ 
finements  because  of  difficulties  in  handling 
transients.  But  it  performs  well  in  voice  ap¬ 
plication  st  such  as  m  modulating  communica¬ 
tion  equipment.— Date  Hiteman .  WB6NTR r 
Topanga.  CA 


Out  of  Tune 


In  "Bicycle  Speedometer"  (March  1977), 
the  segment-f  pm  of  IC2  tn  Fig,  1  was  incor¬ 
rectly  identified  as  pm  1 6;  it  should  be  pm  10 

In  "LED  Racing  Game"  (March  1977).  pins 
7  and  Q  of  IC13  in  Fig.  4  are  reversed.  Also, 
pin  1 6  of  ICG ,  1C7,  and  ICS  must  be  connect¬ 
ed  to  the  +  5 -volt  bus  (see  Fig.  6),  If  you  add  a 
4700-ohm,  Vj-watt  resistor  to  IC9  through 


lCt2  as  shown  here,  the  two  unused  7411 
gates  can  be  used  to  block  the  dock  putse 


f>fx$  /,  %  %  n_ 


when  any  one  of  the  four  players  reaches  the 
finish  first.  This  will  eliminate  any  doubt  as  to 
the  winner  if  all  four  players  wish  to  race  at 
the  same  time, 

tn  ihe  "Digistart  Lock"  (April  1 977)*  contact 
bounce  problems  in  flip-flop  A  can  be  re¬ 
duced  by  connecting  pin  f  (J)  to  +5V  and  pin 
4  (K)  to  gnd.  On  IC5,  the  Q  output  is  pin  1 ,  For 
more  stability  in  the  one-shot  multivibrator, 
change  R6  to  39,000  ohms  (Vi-watt)  and  Cf 
to  120  fiF. 


Ftit«r  And  «A»l*r  1*  wrtivl  W#r*  *M  About. 


AP  PRODUCTS  INCORPORATED 

Box  110*72  Corwin  Drive,  PairtesviHe,  Ohio  44077 
(216)  354-2101  TWX“  BKM25-22S0 


Great  Jumpers  are  here! 

Stale  of  the  art  flat  cable  connector  assemblies  ...  at  affordable  prices. 


Great  Jumpers  come  to  you  fully  pre¬ 
assembled  and  fully  pre-tested,  Cable  strain 
reliefs  are  integral  to  the  mclded-on  con¬ 
nectors.  And  we've  designed  in  complete 
fine-by-line  probability  with  probe  access 
ports  behind  each  contact. 

Our  connectors  are  Industry  standard; 
two  parallel  rows  of  contacts,  spaced 
every  .T\ 

Great  Jumpers  come  in  five  popular  cable 
widths:  20,  26,  34,  40  and  S0  lines  wide,  and 
in  lengths  ranging  from  0"  to  36". 

Available  now  at  the  distributor  near  you 
who  carries  Ihe  A  P  Products  Paster  and 
Easier  Line, 

Our  distributor  list  is  growing  dally*  For 
the  name  of  the  distributor  nearest  you  call 
Toll-Free  800-321-9668. 

Send  for  our  complete  AP  catalog,  the 
Faster  and  Easier  Book, 
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Learn  to  service  Communications /CB 
equipment  at  home...with 

Mil’S  COMPLETE 
COMMUNICATIONS  COURSE 


Leant  design,  installation  and  maintenance  of 
commercial,  amateur,  or  CB  communications 
equipment. 

The  field  of  communications  is  bursting  out  all 
over.  In  Citizens  Band  alone,  class  D  licenses 
grew  from  1  to  over  2.6  million  in  1975,  and  the 
FCC  projects  about  15  million  CB’ers  in  the  U.S. 
by  1979.  That  means  a  lot  of  service  and 
maintenance  jobs  . . .  and  NRI  can  train  you  at 
home  to  fill  one  of  those  openings.  NRI’s 
Complete  Communications  Course  covers  all 
types  of  two-way 
radio  equipment 
(including  CB), 

AM  and  FM 


Transmission  and  Reception, 

Television  Broadcasting, 

Microwave  Systems, 

Radar  Principles, 

Marine  Electronics, 

Mobile  Communica¬ 
tions,  and  Aircraft  Electronics. 

The  course  will  also  qualify  you  for 
a  First  Class  Radio  Telephone  Commercial  FCC 
License  or  you  get  your  tuition  back. 


Learn  on  your  own  400-channel  digitally- 
synthesized  VHF  transcaver. 

You  will  learn  to  service  all  types  of  communi¬ 
cation  equipment,  with  the  one  unit  that  is 
designed  mechanically  and  electronically  to  train 
you  for  CB,  Commercial  and  Amateur  communi¬ 
cations:  a  digitally-synthesized  400-channel  VHF 
transceiver  and  AC  power  supply.  This  2-meter 
unit  gives  you  “Power-On”  training.  Then  we 
help  you  get  your  FCC  Amateur  License  with 


special  instruction  so  you  can  go  on  the  air. 

The  complete  course  includes  48  lessons,  9 
special  reference  texts,  and  10  training  kits. 
Included  are:  your  own  electronics  Discovery  Lab, 
Antenna  Applications  Lab,  CMOS  Frequency 
Counter,  and  an  Optical  Transmission  System. 
You’ll  learn  at  home,  progressing  at  your  own 
speed,  to  your  FCC  license  and  into  the 
communications  field  of  your  choice. 


NEW  CB  SPECIALIST 
COURSE  NOW  OFFERED 


NRI  now  offers  a  special  course  in  CB  Servicing. 
You  get  37  lessons,  8  reference  texts,  your  own 
CB  Transceiver,  AC  power  supply  and  multi¬ 
meter  ...  for  hands-on  training.  Also  included 
are  14  coaching  units  to  make  it  easy  to  get 
your  commercial  radio  telephone  FCC  license- 
enabling  you  to  test,  install,  and  service  com¬ 
munications  equipment. 
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NRI  offers  you  five  TV/Audio 
Servicing  courses 

NRI  can  train  you  at  home  to  service  TV 
equipment  and  audio  systems.  You  can 

choose  from  5 
courses,  starting 
with  a  48-lesson 
basic  course,  up 
to  a  Master  Color 
TV /Audio  Course, 
complete  with 
designed- for- 
learning  25"  diago¬ 
nal  solid  state  color  TV  and  a  4-speaker  SQ” 

Quadraphonic  Audio  System.  NRI  gives  you 
both  TV  and  Audio  servicing  for  hundreds  of 
dollars  less  than  the  two  courses  as  offered  by 
another  home  study  school. 

All  courses  are  available  with  low  down  payment 
and  convenient  monthly  payments.  All  courses 
provide  professional  tools  and  “Power-On” 
equipment  along  with  NRI  kits  engineered  for 
training.  With  the  Master  Course,  for  instance,  you 
build  your  own  5"  wide-band  triggered  sweep  solid 
state  oscilloscope,  digital  color  TV  pattern 
generator,  CMOS  digital  frequency  counter,  and 
NRI  electronics  Discovery  Lab.  Trademark  of  CBS  Inc. 


NRI’s  complete  computer  electronics  course 
gives  you  real  digital  training. 

Digital  electronics  is  the  career  area  of  the  future  . .  .  and  the 
best  way  to  learn  is  with  NRI’s  Complete  Computer  Elec¬ 
tronics  Course.  NRI’s  programmable  digital  computer  goes 
far  beyond  any  “logic  trainer”  in  preparing  you  to 
become  a  computer  or  digital  technician.  With  the  IC’s 
in  its  new  Memory  Kit,  you  get  the  only  home  training 
in  machine  language  programming .  .  .  experience 
essentia]  to  trouble  shooting  digital  computers.  And 
the  NRI  programmable  computer  is  just  one  of  ten 
kits  you  reqeive,  including  a  TVOM  and  NRI’s 
exclusive  electronics  lab.  It’s  the  quickest  and  best 
way  to  learn  digital  logic  and  computer  operation. 


You  pay  less  for  NRI  training  and  you  get  more 
for  your  money. 


« 
Utiu&fl 


m 


NRI  employs  no  salesmen,  pays  no  commissions. 
We  pass  the  savings  on  to  you  in  reduced  tuitions 
and  extras  in  the  way  of  professional  equipment, 
testing  instruments,  etc.  You  can  pay  more,  but 
you  can’t  get  better  training. 


salesman  will  call.  Do  it  today  and  get  started  on 
that  new  career. 

APPROVED  UNDER  Gl  BILL 

if  taken  for  career  purposes  Check  box  on  card  for  detail*- 


More  than  one  million  students  have  enrolled 
with  NRI  In  62  years. 

Mail  the  insert  card  and  discover  for  yourself  why 
NRI  is  the  recognized  leader  in  home  training.  No 


NRI  SCHOOLS 

McGruw-HHI  Continuing  Education  Center 
3939  Wisconsin  Avenue, 

Washington,  D.C  20016 
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New  Products 

Additional  information  on  new  products 
covered  in  f/tk  section  is  available  from 
the  manufacturers *  Either  circle  the  item's 
code  number  on  the  Reader  Service  Card 
inside  the  hack  cover  or  icrite  to  the  mart- 
ufaciurer  at  the  address  given. 


OYNACO  INTEGRATED  AMPLIFIER 
The  Model  SCA-50  integrated  amplifier  is 
available  from  DynacofDynakil  either  factory 
assembled  or  in  kit  lorm.  It  is  rated  at  25 
watis/channel  continuous  average  power 
with  less  than  0.5%  THD  with  8*ohm  toads. 
The  bass  and  treble  conlrot  circuits  are  de¬ 


signed  10  have  little  or  no  effect  on  the  mid¬ 
range,  The  turnover  in  the  bass  control  sy$- 
tern  is  variable,  while  ihat  in  the  treble  system 
is  fixed  and  has  a  hinge  frequency  that  is 
higher  than  is  usual,  fn  the  ampler  sectionH 
the  output  circuit  is  lull  complementary 
symmetry,  and  the  bias  supply  thermally 
tracks  Ihe  output  transistors  A  thump-sup¬ 
pression  circuit  (for  lum-on/turn-off)  is  stand¬ 
ard.  In  add i Iron  to  Ihe  line  fuse,  protection  in¬ 
cludes  separate  fuses  at  each  of  the  four 
power  supply  outputs,  current  limiting,  and  a 
thermal  circuit  breaker  5149  kit;  S249  factory 
wired, 

ClPCU  NO  *9  ON  rftet  ttfOAUAf'ON  CA^D 


HAYMALEE  CB  MOBILE  ANTENNA 

The  Solar  Hot  Rod.  from  Raymalee.  Is  a  pow¬ 
er-gain  CB  antenna  featuring  a  self-con* 
tamed  sofar -powered  device  with  built-in  so¬ 
lar  storage  tl  clamps  to  the  user’s  present 
mobile  or  base -station  antenna  with  no  addi- 
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tional  wiring  required.  The  Solar  Hot  Rod  is 
said  to  provide  14  dB  of  signal  gam  to  Ihe  re¬ 
ceiver  with  less  than  2  d8  of  noise  gam  The 
Solar  Power  Supply  is  claimed  to  be  able  to 
maintain  a  fully  charged  supply,  enough  to 
provide  several  months  operation  in  tola! 
darkness  $89.95, 

ClflCiF  NO  *1  ON  ralf  CAtfo 


AMCOMM  2- METER  FM  TRANSCEIVER 

The  Mode!  $225  2-meter  mobile  FM  trans¬ 
ceiver  from  AMCOMM  (American  Communi¬ 
cations  Corp.j  features  a  digital  synthesizer 
that  provides  complete  coverage  of  the  2- 
meter  ham  band  in  5- kHz  increments  Oper¬ 
ating  frequency  is  determined  by  three  rotary 


switches  and  is  displayed  to  the  nearest  ki¬ 
lohertz  on  a  Six-digit  LED  display  Transmit 
offsets  are  switch  selectable  for  *  600  kHz, 
-  600  kHz,  >1  MHz  and  1MHz.  R-f  output 
power  is  continuously  variable  from  2  to  25 
wails,  with  spurious  harmonic  output  at  60 
dB  Receiver  sensitivity  is  rated  at  0  5  pV  for 
20  dB  quieting  Local  oscillator  frequency  sta¬ 
bility  is  claimed  to  be  rS  ppm  Audio  output 
power  is  rated  at  4  watts  into  the  built-in  B- 
ohm  speaker  with  less  lhan  1 0%  distortion. 
The  transmitter  is  phase  modulated  ( 4  5  kHz 
wilh  100%  modulation  at  1000  Hz),  and  T/R 
switching  is  solid  slate.  A  Touch-Tone  encod¬ 
er  is  optional 

Oftaf  no  v  flu  rnrt  caqo 


GPT0NICA  FRONT*LOAO  CASSETTE  DECK 

Sharp  Electronic  Corp.  s  Optonica  Model 
RT-2050U  is  a  two-rnotor,  fronMoaded  cas¬ 
sette  deck.  Wow  and  flutter  is  rated  at 
0  045%  weighted  rms,  and  $/N  ratio  is  64  dB 
wilh  its  Dolby  noise -reduct  ion  system 
switched  in.  An  automatic  program  lind  sys¬ 


tem  tAPFS)  enables  the  user  to  move  to  the 
next  selection  of  to  return  to  the  start  of  the 
current  selection  simply  by  pushing  a  buiton 
Among  other  features  are  a  space  seller, 
peak  level  meters  (respond  to  signals  in  10 
ms),  electronic  automatic  stop,  and  three- 
posilion  bias  and  equalizer  tape  selection 
switches,  pause  switch,  counter,  stereo 
headphone  jack,  separate  record  level  con* 
trols.  and  a  ganged  output  control  $299  95. 
crnci  1  Hn  sa  on  tm  nf-ormmion  c&rd 


MOTOROLA  CB  RADIO  CARRYING  CASE 

A  Universal  Carrying  Case  for  mobile  CB 
Iransceivers  has  been  introduced  by  the  Mo¬ 
torola  Communications  Group  Parts  Dept 
The  case  permits  easy  removal  of  a  CB  radio 
so  it  can  be  carried  by  the  owner  from  an 
unattended  vehicle  Separate  compartments 


in  the  case  hold  microphones,  the  power  ca¬ 
ble,  and  a  portable  antenna  The  case  is  de¬ 
signed  so  a  mobile  radio  can  be  operated 
without  removing  it  from  the  case  Openings 
at  the  top  and  botlom  of  the  case  allow  the 
speakers  to  be  heard,  while  a  large  opening 
at  Ihe  back  permits  antenna  and  power  con¬ 
nections.  The  front  flap  folds  down  so  that  the 
transceiver  controls  and  microphone  jack  are 
readily  accessible  Covered  with  T exion  vinyl 
that  simulates  genuine  leather  and  equipped 
with  a  heavy-duty  handle,  the  case  measures 
12"  *  9”  -  3'  (30,5  «  23  •  7.6  cm) 

CIRCLE  NO  W  i  In  f  RIE  W-WiUAThON  CAftO 


S ENCORE  AUDI0-VHF  FREQUENCY  COUNTER 

Sencores  FC45  frequency  counter  offers 
continuous  frequency  check  capability  from 
audio  through  vhf  (uhf-band  coverage  to  600 
MHz  with  optional  PR47  prescaler).  A  direct- 
reading  eight-digit  dispaly  with  pushbutton 


action  makes  the  FC45  easy  to  use  Incorpo¬ 
rates  a  crystal  checker  Counler  sensitivity  is 
25  mV  average  throughout  the  band;  accura¬ 
cy  is  1  ppmr  using  a  temperature*controfled 
oven.  The  basic  unit  comes  with  ail  testing 
leads  at  $395  The  PR47  prescaler  ts  5125 

CIRUi  rn  «  IflEE  iHFOftMXTXMt  C*tiD 


NAKAMiCH!  FM  TUNER/PREAMPLIFIER 

The  Model  630  FM  luner/preamplrtier  from 
Nakamichi  is  said  to  provide  an  extremely 
low-noise,  low  distortion  preamplilier  section 
Noise  is  rated  at  80  dB  below  1  mV.  and  dis¬ 
tortion  is  claimed  to  be  virtually  impossible  to 
measure  A  phono  overload  of  250  mV  and  a 
switch-selectable  phono  input  sensitivity  en¬ 
sure  compatibility  with  a  wide  variety  of  car- 
irrdges  The  preamp  section  also  provides 
lone  and  contour  controls,  tape  deck  monitor 
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Memories 
are  made  of  this. 
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32K.  One  Card.  One  low  price. 
Only  from  the  Digital  Group. 


Now,  on  only  one  fully  static  card,  the  Digital  Croup  has 
squeezed  in  a  whopping  32K  of  memory.  Which,  with  a  little 
quick  addition,  means  a  full  64K  architecture  now  requires 
only  2  boards  instead  of  8.  That's  a  4-to-l  space  reduction 
...and  leaves  one  extra  memory  slot  on  the  Digital  Group's 
standard  motherboard  still  available  for  future  products. 

All  this  and  one  low  price,  too. 

It  just  may  be  the  best  news  of  all.  Our* full  static,  assembled 
and  tested  32K  memory  board  is  only  $995.  Now  that's  worth 
remembering.  It's  substantially  less  than  our  equivalent  as¬ 
sembled  8K  board  prices.  (Please  note:  We're  initially  offer¬ 
ing  this  32K  board  assembled  only,  but  kit  versions  will  soon 
be  available,  too — at  even  lower  prices.) 

Here's  what  you  get. 

Specifications: 

•  32K  on  single  card 

•  Speed — 450ns.  All  of  our  current  CPUs  will  operate  at 
full- rated  speed. 

•  Decoding— Lower  or  upper  32K  bank 

•  Power — +5V  only  (u  4A 

•  Card  size — 12"  x  5"  (excluding  connector  fingers) 
Features: 

•  May  be  intermixed  on  Digital  Group  systems  with  our 
8K  memory  cards 


•  All  data  and  address  lines  are  buffered 

•  Fully  static  memories — EMM  4801  (450ns)  or  equiva¬ 
lent 

Price: 

32K  board  complete,  assembled  and  tested  $995.00 

For  all  the  memorable  details,  just  fill  out  the  coupon  below. 
(Then  all  you  have  to  remember  is  to  mail  it  in.) 


P.O.  Box  6528 

Denver,  Colorado  80206  (303)  777-7133 


□  1  promise  to  mail  this  in,  so  add  me  to  your  mailing  list! 

Name  _ _ _ _ 

Address. _ _ 

City/State/Zip - 


□  Remember  me?  I'm  already  on  your  mailing  list,  but  I  need  the 
memory  spec  sheet  desperately. 
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and  copy  facilities,  and  a  high  output  head¬ 
phone  amplifier.  The  FM  tuner  section  fea¬ 
tures  low-noise  dual-gate  MOSFETs,  a  six- 
element  LC  network,  and  a  switch-selectable 
wide/narrow-band  response.  FM  sensitivity 
is  8.75  dBf  (1.5  jjlV  for  30  dB  quieting),  and  a 
capture  ratio  of  1  dB.  Incorporates  a  Dolby 
noise- reduction  unit  with  25-ns  deemphasis. 
$600.00. 

emeu  NO  K  ON  FRff  INFORMATION  CARO 


IMSAI  SINGLE-BOARD  COMPUTER 

IMSAI's  new  8048  control  computer  is  a  com¬ 
pletely  programmable  computer  and  hard¬ 
ware  control  system  on  one  8 V?  x  1 0"  board. 
It  is  powered  by  a  5-V  supply  or  6-V  battery 
and  allows  standard  electric  tools,  instru¬ 
ments.  and  appliances  to  be  attached  and 
controlled  directly  without  requiring  any  Inter¬ 
vening  hardware  other  than  wire.  The  8048  8- 
bit  CPU  contains  1  k  words  of  program  memo¬ 
ry,  and  the  system  has  cassette  interface, 


RS232  current  loop,  and  five  relays.  The  con¬ 
trol  computer  incorporates  the  Intel 
B048/8748  microcomputer  chip,  which  will 
accommodate  three  separate  and  unique 
memory  stages:  program  memory,  internal 
register  memory,  and  external  RAM.  Input  a 
program  through  the  onboard  keyboard,  at¬ 
tach  the  device,  and  immediate  control  of  the 


devices  is  said  to  be  obtained.  Both  kit  and 
assembled  versions  are  available:  ROM  ver¬ 
sion  ($249,  kit;  $299,  assembled),  EROM 
version  ($399,  kit;  $499,  assembled).  A  5-V 
power  supply  vs  $99. 

CWCLE  NO  97  ON  FREE  INFORMATION  CARO 


CROWN  ELECTRONIC  CROSSOVER 

The  Crown  Model  VFX-2A  is  the  successor  to 
the  Model  VFX-2  electronic  crossover.  Inter¬ 
nally,  the  VFX-2A  uses  six  quad  op  amps  in¬ 


stead  of  the  10  dual  op  amps  used  in  the  ear¬ 
lier  model  to  obtain  better  slew  rates  and  han¬ 
dling  of  transients.  Additionally,  the  new  op 
amps  are  claimed  to  allow  a  greater  range  on 
the  level  control.  One  quad  op  amp  operates 
as  an  isolation  ampfifer  to  eliminate  imped¬ 
ance  mismatching  problems.  Continuously 
variable  filters,  two  per  channel,  can  be  used 
to  perform  either  crossover  or  bandpass 
functions.  Each  fitter  in  the  dual-channel  sys¬ 
tem  is  variable  from  20  to  20,000  Hz  with  a 
fixed  rolloff  of  18  dB/octave.  Output  imped¬ 
ance  is  300  ohms  in  both  inverted  and  nonin- 
verted  modes,  with  greater  than  6  volts  max¬ 
imum  into  600  ohms.  IM  distortion  and  noise 
are  rated  at  0.01%  and  more  than  100  dB  be¬ 
low  the  rated  output  with  0  dB  of  gain,  respec¬ 
tively.  $329  for  VFX-2A,  $49.95  for  optional 
walnut-veneer  cabinet. 

ami  NO  96  ON  FR££  INFORMATION  CARO 


TRIPLETT  PORTABLE  DMM 

A  single  switch  provides  five  functions  and  22 
measurement  ranges  on  the  compact  bat¬ 
tery-powered  Model  3000  digital  multimeter 
from  Triplett.  The  3^-digit  display  features 


Aircommand  40-channel  CB. 


From  the  people  who  bring 
you  Marantz— the  worlds 
finest  stereo  systems— 
comes  the  Aircommand 
CB-640— the  finest  in 
40-channel  CB.With 
Aircommand  you  get 
over  25  years  experi¬ 
ence  in  outstanding 
2-way  communications 
products. 

Full  6  Watts  of  audio 
power.  Provides  plenty 
of  punch  so  your  speaker 
cuts  through  freeway  noise. 
Dual-conversion  super¬ 
heterodyne  receiver  with 
dual-cascaded  ceramic 
filters. Together,  both  fea¬ 
tures  provide  the  most  com¬ 
plete  rejection  of  unwanted 
signals,  assuring  you  unsur¬ 
passed  selectivity  and 
sensitivity. 


4  big  Watts  of  RF  power.  Aircommand  delivers  the  maxi¬ 
mum  power  legally  allowable  to  let  you  belt  outthe  big  sound. 
100%  modulation  capability.  Even  when  you  talk  softly 
into  the  mike,  your  message  cuts  through  loud  and  dear, 
thanks  to  one  of  the  most  advanced  mike  preamp  and 
compressor  designs  in  CB  today.  With  Aircommand,  you 
don't  have  to  spend  an  extra  $30  to  $40  on  a  "power  mike!’ 
You  can't  buy  better  modulation  than  Aircommand. 
Specially  tailored  frequency  response. 

LED  40-channel  selection  display.  Easy-to-read,  night  or  day. 
8-LED  (light  emitting  diode)  meter  display.  Provides 
an  easy-to-read  display  of  SWR  (standing  wave  ratio), 
modulation,  and  incoming  or  outgoing  signal  strength— 
instantly,  accurately. 

Special  emergency  Channel  9  scan  with  exclusive 
Aircommand  “beep”  alert.  Mo  matter  what  channel  you’re 
on ,  a  special  Aircommand  CB-640  circuit  continuously 
and  silently  monitors  Emergency  Channel  9.  When  some¬ 
one  starts  transmitting  on  Channel  9,  a  unique  “beep" 
alerts  you,  so  you  can  tune  yourself  in  and  give  assistance. 
Public  address  capability* The  versatile  Aircommand 
CB-640  public  address  package  lets  you  (1.)  Talk  into  the 
CB  mike  and  out  an  exterior  public  address  speaker. 

(2.)  Attach  a  tape  recorder  to  the  auxiliary  jack  on  the 
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seven-segmeni  LED's  with  blinking  over¬ 
range,  auto-zeroing,  and  autopolarity  indica¬ 
tion,  All  decimal  points  light  up  when  the  bat¬ 
tery  is  low,  Ranges  include:  0  to  0.2,  2,  20, 
200,  and  600  on  both  ac  and  dc  volts;  0  to  2, 
20,  and  200  mA  on  ac  and  dc;  0  to  200,  20k, 
and  2 M  ohms  on  low-power  ohms;  and  0  to 
2k,  200k,  and  20M  ohms  on  conventional 
ohms.  Typical  ratings  include  0.9%  dc  ac¬ 
curacy,  10-megohm  input  resistance  on  all 
voltage  ranges,  and  600-volt  overload  protec¬ 
tion  on  all  ranges.  The  DMM  is  powered  by 
four  Nt-Cd  cells,  for  which  a  battery-charger/ 
eliminator  is  provided.  Size  is  5M?  x  3"  x 
1-Mi*  (13.7  x  7.6  x  3.5  cm)  and  weight  is  10 
oz  (310  g).  $140, 

emeu  H0  W  ON  fflU  IWORUAnON  CARD 

INFINITY  ELECTROSTATIC  HEADPHONES 

Infinity  System  s  ES-1  headphone  system 
consists  of  headphones  with  a  claimed  fre¬ 


quency  response  of  20-25,000  Hz  ±2  dB  and 
an  adapter  containing  a  power  supply  and 
matching  transformers.  Other  specs  include: 
less  than  0.3%  THD  all  00  dB  SPL,  50  watts 
at  1  kHz  maximum  input,  and  118  dB  SPL 
maximum  output.  The  low-mass  conductive 
diaphragms  are  made  of  an  extremely  light 
material  called  "Polyurethin  ”  The  power  sup¬ 
ply  is  housed  in  a  walnut  enclosure,  which  is 
connected  between  the  amplifier  and  speak¬ 
ers.  Front-panel  switching  alfows  head¬ 


phones  to  remain  connected  whether  they  or 
the  speaker  systems  are  being  used.  The 
headset  weighs  9  ounces.  The  complete  sys¬ 
tem  is  $275. 

CIRCLE  HO  1)00  OH  WEE  INFORMATION  CARD 

ONE-HAND  SOLDERING 

The  Kager  KL-3000  is  Minitool’s  answer  to 
the  problem  of  one-hand  soldering  on  elec¬ 
tronic  circuits.  The  gun  has  adjustable,  auto¬ 


matic  feed  of  preset  amounts  of  solder,  U  ac¬ 
cepts  various  diameters  and  brands  of  solder 
wire,  interchangeable  elements  and  tips 
(20-30-40-60-watt  elements  available),  and 
has  optional  accessories  for  practically  any 
type  of  soldering  work.  The  standard  kit  is 
$49.50  with  interchangeable  heating  ele¬ 
ments  $13  each;  soldering  tips,  $7.30;  solder 
reels  $2.25  and  $5.95  depending  on  size.  Ad¬ 
dress:  MinHool,  15076  Dickens  Ave.,  San 
Jose,  CA  95124. 

ROYAL  MOBILE  AMPLIFIER 

Royal  Sound  has  a  new  mobile  stereo  high- 
fidelity  power  amplifier  module,  the  RS-55, 
lhat  s  normally  driver  by  speaker  output 
leads  ol  an  FM/AM  radio  wilh  cassette  play¬ 
er,  The  module  increases  amplifier  output  for 
car  audio  equipment  by  providing  a  power 
output  of  15  watts/channel.  Self-contained, 
the  RS-55  is  ruggedly  constructed  to  with¬ 
stand  shock  and  vibration.  It  also  has  sepa¬ 


rate  bass  and  treble  controls,  on/off  switch, 
power  indicator  light,  and  quick-connect  ter¬ 
minals,  and  can  be  mounted  anywhere  in  a 
car  or  van.  Operates  on  12-voft  dc  negative- 
ground  only,  $90.00 

CIRCLE  HQ.  101  ON  FREE  W0RMAT1QN  CARD 


...You  never  heard  it  so  good!!! 


CB-640  rear  panel,  and  boom  your  tape  out  through  the 
same  external  speaker.  (3.)  Mix  your  voice  from  the 
CB  microphone  with  the  program  material  on  the  tape 
recorder.  Both  voice  and  tape  sound  at  the  same  time 
through  the  external  speaker.  (4.)  Beam  your  received 
signal  through  the  external  speaker. 

Built-in  standing  wave  ratio  circuitry.  Measures  the  effi¬ 
ciency  of  the  antenna  system  for  optimum  performance. 

Other  outstanding  features  include:  Delta  fine  tuning 
control,  digital  synthesizer  with  phase-locked  loop, 


automatic  noise  limiting  switch,  noise  blanking  switch, 
squelch  control,  RF  gain  control. 

Also  available:  Aircommand  CB-140;  Aircommand 
CB-340.  All  3  units  bring  you  state-of-art  design,  flawless 
craftsmanship  and  day-in,  day-out  reliability.  Try  them  out 
now  at  your  Superscope  Aircommand  dealer. 

f/i/COffffl/ffflif  byjmsmlL 


■£*  1977  Superscope,  Inc.,  20525  Nordhoff  Si.,  Chati^ofth,  CA  9131 1.  Prices  and  models  subject  to  change  without  notice. 
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New  Literature 

HEATHKIT  CATALOG 

The  new  96-page  Heathkii  Catalog  describes 
over  400  electronic  kits.  Product  categories 
include  amateur  radio.  hMi  components,  col¬ 


or  TV.  lest  instruments,  digital  clocks,  radio 
control  equipment  and  aulo  accessories. 
Among  the  new  products  introduced  are  a  3- 
way  bookshetl  speaker  system,  a  battery 
monitor  device  for  radio  control  modelers,  a 
two-way  freezer  alarm  and  a  touch-control 
light  switch  A  section  of  fully  assembled 
brand-name  40-channei  CB  radios  has  also 
been  included  Address:  Heath  Co  H  Dept, 
350-1 1 ,  Benton  Harbor,  Ml  49022. 

EDMUND  CATALOG 

Edmund  Scientific  s  164-page  Spring  Cata¬ 
log  #772  contains  over  4500  items  for  experi¬ 
menters.  students  and  hobbyists  Among  the 
many  items  described  are  an  AM/FM  deluxe 


wall  radio;  a  storm  alarm  which  is  triggered  by 
a  sign  at  from  a  local  National  Weather  Serv- 
ice  station,  and  a  Sol-20  computer  with  Basic 
Slanguage  Address.  Edmund  Scientific  Co., 
555  Edscorp  Bldg  .  Barrington,  NJ  08007 

WINEGARD  CB  ANTENNA  CATALOG 

Wmegard  Industries  offers  its  first  CB  Anten¬ 
na  Catalog  #770,  The  catalog  illustrates  the 
company's  tine  of  40- channel  CB  mobile  an¬ 
tennas  and  accessories,  providing  technical 
information  and  specifiea lions  A  listing  of 
available  antenna  replacement  parts  rs  also 
included  Address' Winegard  Industries.  fnc,. 
3002A  Wmegard  Dr ,  Burlington.  IA  52601 

MOTOROLA  HEP  CATALOG 

The  new.  1 84-page  edition  of  the  HEP  Semi- 
conductor  Cross  Reference  Guide  and  Cata¬ 
log  is  offered  by  Motorola.  Includes  replace¬ 
ment  HEP  semiconductors  for  over  60,000 
discrete  devrces  and  ICs,  with  190  new  prod¬ 
ucts.  Covers  discrete  silicon  and  germanium 
power  transistors,  thyristors,  small -signal 
FETs  and  bipolar  transistors,  zeners.  digital 
ICs,  voltage  regulator  and  op  amps.  The 
Educator  If  microcomputer  power  supply  kits 
are  also  included  Address:  HEP/MRO  Oper¬ 
ations  Headquarters.  Motorola  Products. 
Inc.,  PO  Box  20902.  Phoenix,  AZ  85036 

ADWAR  VIDEO  EDITING  GUIDE 

Adwar  Video's  8 -page  guide  offers  advice  on 
editing  with  half-inch  tape  and  video  cassette 
equipment,  El  begins  with  basic  tips  on  avoid¬ 
ing  quality  losses  and  editorial  confusion,  and 
goes  on  tt>  deal  with  scene  edits;  search  and 
review;  insert  editing,  and  quality- enhancing 
modifications  to  VTR  s.  New  video  process¬ 
ing  and  portable  field  editing  are  also  high¬ 
lighted  Address  Adwar  Video  Corp.+ 100  5lh 
Ave..  New  York,  NV  10011. 

SYNC  TAPE  RECORDERS  *  PLAYERS 

A  4 -page  brochure  from  Audrotronics  de¬ 
scribes  its  line  of  SYNC  Cfassette  tape  re¬ 
corders  and  players  The  units,  designed  as 
aids  for  synchronized  presentations  of  re¬ 
corded  audio  tape  to  slide/filmstrip  projec¬ 
tors.  include  Model  144S.  which  plays  boih 
superimposed  and  separate  track  synchro¬ 
nized  cassette  tapes.  Another,  Model  152-2. 
features  an  automatic  stop  program  The  bro¬ 
chure  illustrates  each  device  and  describes 
the  different  sync  functions.  A  specification 
chart  allows  for  easy  comparison  of  models 
Address  Audioironics  Corp.,  7426  Bellaife 
Ave.,  N.  Hollywood,  CA  91605. 

SPERRY  MULTI-TESTER  BROCHURE 

Bulletin  SP-73  (Issue  0}  from  a.w  Sperry  de¬ 
scribes  its  line  of  V-O-Ma-T  multi-testers.  The 
7-page  pocket-sized  brochure  provides  de¬ 
tailed  specifications,  applications  information, 
and  a  list  of  special  features  for  each  tester 
Accessories  are  also  described,  Address 
aw.  Sperry  fnslmments.  Inc..  245  Marcus 
Bfvd..  Hauppauge,  NY  11787. 


ARE  YOU  READY 
TO  RECEIVE  THE  WORLD? 

fuUy  synthesized  DR22  Receiver 

general  coverage  receiver 

from  McKAY  DYMEK  $990. 


I  b  0 


FEATURES 

Shortwave,  OB,  ham  radio,  ships  at 
sea.  overseas  phone  calls,  etc. 

Hi  Ft,  SWL,  commercial,  industrial 
and  government  uses. 

High  level  RF  front  end  for  excellent  inter- 
modulation  rejection  and  sensitivity. 

Crystal  filters  In  first  and  second  IF 
amplifiers,  ceramic  filter  in  third  IF 

Quartz  crystal  tuning  accuracy  at  all 
frequencies,  no  crystals  to  buy. 


SPECIFICATIONS 

w  Frequency  coverage 

m  Reception  modest 

■  Sensitivity  for 
tOdBS  +  N/N; 

■  RF  Bandwidth: _ _ 

9  Dimensions  &  WL; 


Built  in  power  supply  for  110-120  or 
220-240  VAC  switchable,  50-60  Hz, 

Solid  state,  phase  locked,  digital 
synthesis  tuning. 

Extreme  ease  of  tuning  at  all 
frequences. 

No  mechanical  tuning  dial  error  or 
backlash. 

Switch  selectable  4  or  8  kHz  RF 
bandwidth. 

Built  in  monitor  speaker  with  external 
s  pe  a  ke  r  con  n  ecfo  rs 


50  kHz  to  29.7  MHz.  continuous  Digital  synthesis  in  5  kHz  steps, 
fine  tune  for  ~5  kHz,  _ _ _ 

AM.  upper  sideband,  lower  sideband.  CW» _ 

100  kHz  200  kHz  300  kHz-20MHz  20-29,7  MHz 
CW.SSB  T0//V  2.0  0,5  J|V  10/jV 

AM _  30wV  6.0^V  _ I.QjfV _ 2.0  uV 

-3dB@4kHzorBkHa,and-60dB@10kHz  or  14  kHz _ 

(WxDxH)  1 7.5 x  14.5x5.1  Inches,  Shpg.Wt.  19 lbs.  _ 


DR22  features  and  specifications  unmatched  under  $2900. 


McKay  Dymek  Co. 

675  N.  Park  Ave. 

PO,  Box  2100 
Pomona,  CA  91 766 


Order  factory  direct,  calf 
toll  free  today.  Exclusive 
rent/own  plan  available, 

run.  N*  tten  wide 

W  600/854-7769 

SB  California 

— •  800/472-1 783 


in  Canada 

Greet  Metropolitan 
Sound  Co,  Ltd. 

120  Eglinton  Avenue  East 
Toronto, Canada  M4P1E2 
TeL4t  6/484-0800 


OREL!  m  Zr  OH  FREE  INWWUKMJ  £w> 
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POPULAR  ELECTRONICS 


We’ve  just  made  the  impossible... 
a  professional  3  >2  digit  DMM  Kit  for  less  than  $60. 


The  Sabtrpmcs  Mode!  2000  is  an  impossible  $59  95! 

And  that  price  still  includes  phenomenal  accuracy,  range 
and  professional  features 

This  all-new  bench/portable  multimeter  reading  to 
±1999,  has  a  basic  accuracy  of  0.1%  ±  1  digit,  and  has 
five  functions  giving  28  ranges,  100%  overrange  and 
overload  protection.  So  you  know  it's  no  toy! 

Besides,  what  toys  are  as  automatic  as  the  2000?  With 
automatic  over  range  indication,  automatic  polarity, 
even  automatic  zeroing1 

Yet  the  2000  ts  easy  to  assemble.  We  send  you  all  the 
parts  you  need,  even  the  high-impact  case.  We  also  send 
you  clear,  step-by-step  assembly  instructions 

So  you  end  up  with  a  professional  quality  3Vs  digit 
DMM  for  the  unheard-of  price  of  less  than  $60.  From 
Sabi  ron  ics,  specialists  in  digital  technology  And 
manufacturers  of  the  impossible. 

Order  yours  today1 

Made  «n  U  S  A 


INTERNATIONAL  INC 


PO  Bax  B^653  Dallas.  Texas  75306  (214)369-7310 


GUARANTEE: 

Our  guarantee  to  you;  examine  the  2O0Q 
DMM  kit  for  10  days.  If  you're  not  satisfied, 
return  it  unassembled  for  a  full  refund  of 
purchase  price 

SPECIFICATIONS:  (condensed) 

DC  volts  in  5  ranges  10 OfiiV  to  1000V 
AC  volts  m  5  ranges  TOO^V  to  1000V 
DC  current  in  6  ranges  10nAto2A 
AC  current  in  6  ranges  10nA  to  2 A 
Resistance  in  6  ranges  1  fi  to  20MO 
input  Impedance.  10MD 
Display  9mm  (.36")  LED 
Power  requirements  A  5  VDC  to  6  5  VOC 
(4  "C"  cells -not  included) 

Size  0  "W  x  6  5"D  x  3  0'JH 
(203W  x  1650  x  76H  mm) 


r— - ~ - "“"-i 

!  To:  Sabfronics  International,  Inc,  P€? 

I  P  O.  Box  $4683,  Dallas,  TX  75206 

Please  send  me _ Sabtronics  Modet  2000  DMM  kit(s)  at 

i  $59  95  each  _ subtotal 

|  Shipping  and  Handling,  S3  50  per  unit*  _ _ _ -  subtotal 


Texas  Residents  Add  5a  les  Tax 

TOTAL  enclosed _ 

Name _ 

Street  Address - 

City _ . _ 

State - — ^ - - 

‘USA  only  Canada.  S4  50  All  Qth&r  Cou nines.  $9  00 


OiRClf  w  ON  Rlt£  iMMUIHIf  CAflQ 


Go  after 
the  best 
of  everything. 


Don’t  settle  for  less.  Especially  when  it  comes  to 
electronics  training . . .  because  everything  else  lit  your  life 
may  depend  on  it.  That's  why  you  ought  to  pick  C1ES 


IS 


POPULAR  ELECTRONICS 


W on’vt  probablv  mccii  utl- 
M.  verti^itieni%  from  oilier 
ekctronics  schools.  Maybe  von 
think  they4 re  all  the  same. 
They're  not* 

CIE  Is  the  largest  iKidej>en  - 
dent  home  study  school  in  the 
world  that  specializes  exclu¬ 
sively  in  electronics., 

Meet  the  Electronics 
Specialists. 

When  you  pick  an  electronics 
school*  you're  getting  ready  to  invest 
some  time  and  money.  And  your 
whole  future  depends  on  the  educa¬ 
tion  you  ge  t  in  return. 

That's  why  it  makes  so  much 
sense  to  go  with  number  one  . .  .with 
the  specialists. ,  .with  CLE! 

There’s  no  such  thing  us 
bargain  education. 

If  you  talked  with  some  of  our 
graduates,  chances  are  you’d  find  a 
lot  of  them  shopped  around  for  their 
training.  Not  for  the  lowest  priced 
hut  for  the  best.  They  pretty  much 
knew  what  was  available  when  they 
picked  CIE  as  number  one. 

We  don't  promise  you  Lite  moon. 
We  do  promise  you  a  proven  way  to 
build  valuable  career  skills.  The  CIE 
faculty  and  staff  are  dedicated  to 
that.  When  you  graduate,  your  di¬ 
ploma  shows  employers  you  know 
what  you’re  about*  Today,  if  s  pretty 
hard  to  put  a  price  on  that 

Because  we’re  spceial* 
i§ts4  we  have  to  stay 
ahead. 

At  CEE,  we've  got  a  position  of 
leadership  to  maintain.  Here  arc 
some  of  the  ways  we  hang  onto  it . . . 

Our  step -by-step  learning* 
includes  “hands-on" 
training. 

At  CIE,  we  believe  theory  is 
important.  And  our  fatuous 
Auto-Programmed f  Lessons  teach 
you  the  principles  hi  logical  steps. 

But  professionals  need  more 
than  theory.  That's  why  some  of  our 
courses  train  you  to  use  tools  of  i  he 
t rade  like  a  5  >  1Hz  tri gge re d - sw c c p , 
solid-state  oscilloscope  you  build 
yourself— and  use  to  practice  trouble¬ 
shooting.  Or  a  beauty  of  a  19-inch 
diagonal  Zenith  solid-state  color  TV 
yon  use  to  perform  actual  service 
ope  rat  ions. 

Our  specialists  offer  you 
personal  attention* 

Sometimes,  you  may  even  have 
a  question  about  a  specific  lesson. 
Fine.  Write  it  down  and  mail  ii  in. 

Our  experts  will  answer  you 
promptly  in  writing.  You  may  even 
get  the  specialized  knowledge  of  nil 
the  CIE  specialists.  And  the  answer 
you  get  becomes  a  pan  of  your  per¬ 
manent  reference  file.  You  may  find 
this  even  better  than  having  a  class* 
room  teacher. 


Pick  the  pace  that's  right 
foryoii. 

C  IE  understands  people  need 
to  learn  at  their  own  pace.  There's  no 
pressure  to  keep  up. .  .  no  slow 
learners  hold  you  back.  If  you’re  a 
beginner,  you  start  with  the  basks. 
If  you  already  know  some  elec¬ 
tronics,  you  move  ahead  to  your 
own  level. 

Enjoy  die  promptness  of 
ClE’s  “same  day"  ratlin  j* 
cycle. 

Wh c n  we  re cc t ve  your  le ssrm 
before  noon  Monday  through  Satur¬ 
day,  we  grade  it  ami  mail  it  back  - 
the  same  day.  You  hud  out  quickly 
how  well  you're  doing! 

CIE  can  prepare  you  for 
your  FCf  License* 

For  some  electron  ica  jobs,  you 
must  have  your  FCC  Idee  use.  For 
others,  employers  often  consider  it  a 
mark  in  youriavor,  Either  way,  ifs 
government -certified  proof  of  your 
specific  knowledge  and  skills! 


More  than  half  of  CTE’s  courses 
prepare  you  to  pass  the  government- 
administered  exam.  In  continuing 
surveys*  nearly  4  out  of  5  CIE  gradu¬ 
ates  who  take  the  exam  get  their 
Licenses! 

For  professionals  only, 

CEE  training  is  not  for  the  hobby¬ 
ist.  It’s  for  people  who  are  willtngto 
roll  up  their  sleeves  and  go  to  work 
...  to  build  a  career.  The  work  can  be 
hard,  sure,  Bui  the  benefits  are 
worth  it. 

Send  for  mo  re  details 
and  a  FREE  school 
catalog. 

Mall  the  card  today.  If  it's  goncf 
cut  out  and  mail  the  coupon.  You'll 
gel  a  FREE  school  catalog  plus  com¬ 
plete  information  on  independent 
home  study.  For  your  convenience, 
wcTl  lit  to  have  a  CIE  representa* 
Uvc  contact  you  to  answer  any  ques¬ 
tions  you  may  have. 

Mail  the  card  or  the  coupon  or 
write  CIE  (mention lug  name  and 
date  of  tills  magazine  j  at:  1776  East 
17th  Street,  Cleveland,  Ohio  441 14 


Paiicms  shtivvn  mi  T\  mid  oscilloscope  screens  arc  simulated. 


Cleveland  Institute  of  Electronics,  Inc. 

177S  East  Street.  Oevetond,  OVuq 

AcCfcchied  Member  National  Horne  Study  Co-urns? 


□  YES ...  i  wmii  the  best  of  everything!  Send  me  my  FREE  CIE  school 
valuing-  including  details  about  irtmhlcsht Kiting  courses-  plus  my  FREE  package 
< if  lu imc  study  J  n  formal k m,  PE-3? 

Fein!  Name - - - 


Address. 

City - 

State. _ 


Apr, 


JSlp 


Age 


.Phone  (urea  code  )  . 


Checkbox  fiirG, I .  Dili  Info rnmiion:  _  Veteran 

>lvii  today: 


C  Active  Duty 
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Stereo  Scene 


By  Ralph  Hodges 


INSTRUMENTS  I  HAVE  MIKED 


I'LL  BE  honest  and  admit  I  haven't  ac¬ 
tually  made  recordings  of  all  the  in¬ 
struments  to  be  mentioned  here.  Some¬ 
times  I  have  assisted  others  while  they 
recorded  them,  or  fulfilled  the  function  of 
interested  observer  and  general  nui¬ 
sance  at  a  session.  And  in  many  cases, 
my  experience  with  any  given  instru¬ 
ment  is  hardly  what  you'd  call  exhaus¬ 
tive.  I  have  only  recorded  a  large  or¬ 
chestra  once,  for  example.  (I  found  it 
rather  easy;  beginner's  luck,  no  doubt.) 

Every  once  in  a  while  I  pick  up  a  piece 
of  data  about  a  particular  instrument  or 
recording  situation  that  seems  directly 
pertinent  to  the  logistical  problem  of 
placing  microphones.  Sometimes  this 
datum  immediately  suggests  a  solution 
to  a  miking  situation:  other  times,  after 
further  examination,  it  proves  totally  if- 
relevant.  In  either  case,  the  information 
is  good  to  have. 

The  few  really  useful  genera/  guide¬ 
lines  for  placing  microphones — the  vari¬ 
ous  ways  to  achieve  a  good  stereo  pick¬ 
up,  the  maintaining  of  acoustic  separa¬ 
tion  between  mikes  when  you're  multi¬ 
tracking,  etc. — are  ably  covered  in  the 
several  good  books  on  studio  technique 
now  available.  The  indispensable  rules 
of  mike  placement — pulling  the  mikes 
back  to  increase  the  contribution  of 
room  reverberation,  avoiding  the  close- 
up  use  of  cardioid  mikes  because  of  var¬ 
ious  frequency-response  errors  it  can  in¬ 
troduce,  and  so  on — are  surely  well 
known  to  anyone  who  has  taken  the 
slightest  interest  in  live  recording.  How¬ 
ever,  approaching  a  specific  instrument, 
or  assemblage  of  specific  instruments, 
gives  almost  everyone  pause*  I  think. 

How  do  you  begin?  What's  the  first 
logical  move?  Having  a  definite  ap¬ 
proach,  whether  it  is  vital  to  the  proper 
capturing  of  the  sound  or  not,  is  confi¬ 
dence-building  for  all  of  us,  and  that's 
what  f  mean  to  focus  on  here. 


Drums  and  Such.  The  bass  drum, 
surprisingly,  is  evidently  a  highly  direc¬ 
tional  instrument,  f  first  learned  this 
when  I  happened  on  an  unguarded  bass 
drum  in  a  rehearsal  room  at  the  New 
England  Conservatory  of  Music.  Ecstat¬ 
ic,  I  hefted  the  heavy  lead-loaded  mallet, 
poised  it  well  to  the  side  of  the  drum 
head,  swung  from  the  hips  and  shoul¬ 
ders.  and  .  ,  .  nothing!  After  a  while  I 
realized  that  the  drum  heads,  apparently 
moving  in  tandem,  were  giving  rise  to  an 
almost  perfect  acoustic  cancellation 
around  the  periphery  of  the  drum,  and  I 
was  therefore  standing  in  a  huge  node. 
Not  so  an  innocent  passerby  outside, 
who  met  the  enormous  pressure  wave 
as  it  swept  up  the  corridor. 

From  time  to  lime  I've  encountered 
audible  evidence  of  this  cancellation 
node  at  considerable  distances  from  the 
drum  itself.  So  if  you're  ever  puzzled  as 
to  why  your  mike  is  missing  the  near- 
infrasonic  throb  you  expect  from  a  bass 
drum,  try  turning  the  drum  so  that  one 
head  faces  the  mike  directly  Converse¬ 
ly,  if  you're  getting  too  much  throb,  turn 
the  drum  so  that  you  get  a  more  edge-on 
perspective. 


Tympani  (kettledrums)  present  no 
comparable  problems*  although  they 
have  a  well-known  tendency  to  shake 
the  stage  floor  and  any  microphone 
stands  on  it*  which  may  cause  vibration 
pickup.  Sometimes  a  failure  to  get  the 
sound  you  want  from  a  kettledrum  is  at¬ 
tributable  to  the  way  in  which  It  s  played. 
Striking  the  drum  in  the  exact  center  of 
its  head  produces  a  rather  ridiculous, 
overdamped  ’'boomp,"  As  the  mallet 
progresses  out  toward  the  edge,  the 
drum  acquires  that  characteristic  bale¬ 
ful,  almost  metallic  timbre,  A  light  roll  at 
the  very  edge  produces  almost  a  rustle. 
Tympani  are  played  either  with  sponge 
(or  perhaps  a  spongy  synthetic)  or  felt 
mallets:  the  sonic  results  from  each  are 
quite  different.  Felt  mallets  are  exceed¬ 
ingly  rare  nowadays,  however.  Some  re¬ 
cordists  apparently  fear  that  it's  impossi¬ 
ble  to  properly  balance  the  tympani  with 
the  rest  of  the  orchestra  unless  they  are 
recorded  with  a  separate  mike(s)  and 
mixed  in  later  It’s  not. 

Professional  recordists  take  elaborate 
pains  with  a  drum  set  {kick  drum,  tom¬ 
tom,  snare,  and  one  or  more  cymbals)* 
festooning  if  with  microphones  and  stuff¬ 
ing  towels  in  the  kick  drum.  They  alt  do  it 
somewhat  differently,  so  there  are  no 
general  rules,  except  perhaps  in  the 
case  of  the  cymbal.  High-hat  cymbals 
move  considerably  when  they  are 
played.  If  two  differently  placed  micro¬ 
phones  happen  to  be  picking  up  the 
cymbal,  and  you  intend  to  mix  the  out¬ 
puts  of  these  two  mikes,  you  can  wind 
up  with  a  very  weird  Doppler  effect  that 
you  may  like,  but  which  won't  sound  nat¬ 
ural.  (A  two-mike  pickup  exaggerates 
the  effect.)  The  best  approach  with  a 
drum  set  is  often  a  simple  stereo  pickup, 
balanced  by  ear 

The  Strings.  A  celebrated  concert  vi¬ 
olinist  has  said  that  a  violin  doesn't  be- 


Fig.  I.  Phase  differences  between  direct  and  reflected 
signals  present  ci  prof  item  tuften  mikinQ  a  string  bass  or  cello. 


22 


POPULAR  ELECTRONICS 


maator  crMrpa 


Go  with  Realistic" 
no  matter  how  you  go! 


Realistic  CB  is  for  people  on  the  move.  Whether  you’re  driving  an  unfamiliar  road,  hiking  away 
from  camp,  or  working  in  the  field,  reliability  is  a  prime  concern  with  your  walkie-talkie 
or  mobile  set.  So  come  to  Radio  Shack  —  leading  the  way  in  quality  CB  since  1959. 
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Fig.  2.  Trumpet  waveform  miked  on 
aari®  in  anechoic  chamber .  From  a 
Denon  record  made  with  pvlse- 
code-modulation  process . 

gin  to  sound  good  until  you're  at  least 
ten  feet  distant,  so  that  the  "garbage" 
has  had  a  chance  to  fall  away.  Good 
miking  advice  too  rarely  taken.  At  their 
loudest,  massed  violins  are  never  very 
loud  compared  with  the  real  heavy¬ 
weights  in  a  symphony  orchestra.  In 
their  upper  registers,  however,  they 
have  a  penetrating  tone  that  will  often 
rise  above  the  most  astounding  ruckus. 
If  one  balances  too  much  in  favor  of  the 
violins  (a  fault  of  many  commercial  re¬ 
cordings),  the  aforementioned  penetrat¬ 
ing  tone  will  give  the  feeling  of  going 
right  in  to  your  eardrums. 

For  a  natural-sounding  recording,  re¬ 
straint  in  the  handling  of  violins  is  admi¬ 
rable,  They  should  not  always  be  audi- 


COMING  UP  IN 
THE  AUGUST 

Popular  Electronics8 

BUILD  THE  MCABONGAM 
ELECTRONIC  DRUMS 
SYNTHESIZER 

MEASURE  CAMERA  SHUTTER 
SPEED  DIGITALLY 

HOWTO  PROTECT 
MOS  DEVICES 

DURING  INSTALLATION  AND 
SOLDERING 

BUILD  THE  TVT-6:  A  LOW-COST 
DIRECT  VIDEO 
DISPLAY— PART  2 

TEST  REPORTS 

Heath  AR-1 51 5  Digital-Readout 
Stereo  FM/AM  Receiver 
Thorens  TD-1 26C  Turntable 
President  ‘Washington” 
40-Channel  CB  Base  Station 


bly  strong,  and  they  should  have  a  cer¬ 
tain  fragility,  even  thinness,  of  tone. 
Where  possible,  give  them  a  chance  to 
balance  naturally  with  the  rest  of  the  or¬ 
chestra.  And  don’t  ride  gain  on  them  to 
any  excess. 

The  string  bass,  when  miked  from  any 
distance,  encounters  problems  from  re¬ 
flecting  surfaces.  Figure  1  shows  how 
the  first  reflection  from  the  floor  bounces 
up  to  the  microphone,  causing  a  com¬ 
plex  pattern  of  reinforcements  and  can¬ 
cellations,  all  wavelength-dependent.  A 
solid  wall  behind  the  instrument  will  pro¬ 
duce  much  the  same  thing.  When  you’re 
miking  several  basses,  as  in  an  orches¬ 
tra,  the  most  productive  approach  is 
usually  to  ignore  these  complications 
and  press  on  regardless,  hoping  the  ran¬ 
domness  factor  will  solve  your  problems 
for  you.  For  a  single  bass,  as  in  a  jazz 
combo,  it’s  a  frequent  practice  to  mike 
the  instrument  quite  closely,  which  will 
tend  to  get  rid  of  the  room  and,  hence, 
the  reflections.  Electric  basses  are  al¬ 
most  invariably  miked  closely  (at  the 
amplifier’s  speaker),  or  even  fed  directly 
into  the  recorder,  bypassing  the  amp. 

Woodwinds.  It  may  be  obvious,  but 
the  proper  place  to  mike  a  woodwind  is 
not  at  the  bell  of  the  instalment  where 
you’d  expect  most  of  the  sound  to 
emerge.  In  general,  the  right  place  for 
the  mike  is  directly  in  front  of  the  musi¬ 
cian,  as  if  he  were  going  to  speak  into  it. 
Usually  he  will  play  so  that  the  bell  is 
pointing  toward  the  floor  (or,  in  the  case 
of  the  bassoon,  toward  the  ceiling).  This 
is  fine.  Move  the  mike(s)  closer  or  far¬ 
ther  away  as  appropriate,  but  don’t  try  to 
get  too  close. 

The  Brass.  The  trouble  with  the  brass 
is  eloquently  demonstrated  by  Figure  2, 
a  drawing  of  an  oscilloscope  trace  made 
by  a  trumpet  in  full  cry.  The  vicious  spiki¬ 
ness  of  this  waveform  will  never  be  re¬ 
vealed  by  any  VU  meter,  and  yet  it  has 
to  be  taken  into  account  because  any 
significant  tampering  with  this  crest  will 
be  audible.  In  jazz  clubs  you’ll  often  see 
a  trumpet  played  directly  into  a  micro¬ 
phone.  Apparently,  the  sound-reinforce¬ 
ment  system  can  usually  take  this  on¬ 
slaught  in  stride.  But  it’s  murder  on  tape, 
i  tried  to  record  this  trumpet  waveform 
with  a  good  cassette  machine.  Finally,  I 
had  to  drop  the  recording  level  down  to 
the  point  where  the  meters  (peak  read¬ 
ing)  were  barely  stirring,  and  still  the 
waveform  peaks  were  appreciably  ab¬ 
breviated. 

Your  defense  against  the  brass,  which 
can  easily  overload  microphone  pream¬ 


plifiers  and  the  built-in  preamps  of  con¬ 
denser  mikes  as  well  as  tape,  is  to  get 
away  and  off-axis.  Discourage  brass 
players  from  pointing  their  instruments 
directly  at  the  microphone  or  put  the 
mike  where  they  can’t  conveniently  aim 
at  it.  Even  then,  a  French  horn,  which 
projects  rearward  in  line  with  the  play¬ 
er's  elbow,  and  which  often  has  his  fist 
stuck  up  into  its  bell,  can  cause  trouble. 
Distance  is  your  only  recourse  then,  and 
here  it  usually  sounds  good. 

Piano.  Don’t  we  wish  we  could  make 
consistently  good  piano  recordings.  The 
trouble  is,  the  instrument  is  too  big  to 
close-mtke  with  one  microphone,  and 
When  we  try  to  mix  the  output  of  several 
microphones  there  is  inevitable  trouble 
with  interference.  Other  complications 
intrude  as  well. 

Presently,  for  grand  piano,  I  favor  the 
stereo  pickup  shown  in  Figure  3.  Note 
that  the  two  mikes  {cardioids  or  omnidi- 
rectionals,  or  a  coincident  pair  embrac¬ 
ing  a  moderate  angle)  are  aimed  down 
into  the  piano’s  case  approximately  in 
fine  with  the  instrument’s  lid.  This  theo¬ 
retically  avoids  reflections  from  the  lid 


Ftp.  3 .  This  mike  positioning  for 
piano  avoids  pickup  of  direct 
reflections  from  bottom  of  lid. 

(which  I  believe  to  be  detrimental  to  clar¬ 
ity)  from  reaching  the  mikes  directly.  The 
mikes  are  brought  forward  or  pulled 
back  as  necessary  to  provide  that  right 
touch  of  room  reverberation. 

There  are  many  other  ways  of  record¬ 
ing  a  piano  that  I’m  itching  to  try  as  soon 
as  I  get  the  chance.  Some  of  these  are 
described  in  a  Shure  Brothers'  publica¬ 
tion,  "The  Music-Maker’s  Manual  of  Mi¬ 
crophone  Mastery."  Although  intended 
for  sound  reinforcement  at  live  perfor¬ 
mances,  you  can  extrapolate  its  advice 
into  a  recording  situation  with  relative 
ease.  It’s  free.  (Shure  Brothers,  222 
Hartrey  Ave„  Evanston,  IL  60204.) 

The  Sound  Field.  All  of  us  are  in¬ 
trigued  by  the  examples  of  recording 
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professionals  and  hope  to  emulate  their 
results  in  time.  Here’s  a  piece  of  advice 
offered  by  several  recording  profession¬ 
als  \  have  talked  to:  Forget  it!  A  profes¬ 
sional  recording  session  costs  multi-dol- 
lars  with  every  tick  of  the  clock.  There  is 
scarcely  time  for  aesthetic  considera¬ 
tions  or  lengthy  consideration  of  micro¬ 
phone  respositioning.  Ideally,  a  profes¬ 
sional  recordist  would  like  to  capture  ev¬ 
ery  instrument  in  complete  isolation  and 
later  mix  ail  the  instruments  together 
(along  with  appropriate  reverberation)  at 
his  leisure.  Hence  he  turns  to  the  multi- 
miking  approach,  which  by-and-large 
sacrifices  all  the  good  things — depth, 
spaciousness,  authentic  perspective — 
of  a  simple  stereo  pickup.  If  you  don't 
believe  me,  read  John  Woram's  book, 
The  Recording  Studio  Handbook  (Saga¬ 
more  Publishing  Co.,  1120  Old  Country 
Road,  Plainview,  N.Y.)  for  some  frank 
discussion  of  the  subject. 

If  you’re  an  amateur  recordist,  and 
time  is  not  pressing,  you  have  the  luxury 
of  being  able  to  attempt  a  miking  of  the 
"sound  field"— the  whole  musical  event, 
balanced  naturally,  and  presented  to  the 
ultimate  listener  with  startling  realism 
and  an  impressive  stereo  panorama.  It 
will  not  sound  like  a  professional  mix  on 
one  of  the  big  labels,  but  if  you're  famil¬ 


iar  with  the  sound  of  live  music  you’ll  ap¬ 
preciate  that  it  sounds,  in  many  re¬ 
spects,  better.  Above  all,  have  a  good 
time,  and  fulfill  yourself  while  inching  to¬ 
ward  capturing  the  full  realism  of  the  mu¬ 
sic.  Even  if  the  final  goal  cannot  be  whol¬ 
ly  reached,  you'd  be  surprised  at  how 
forgiving  the  human  ear  is. 

More  on  Decontaminating  Discs. 

Dr.  Bruce  Maier,  president  of  Discwash- 
er,  has  favored  us  with  some  comments 
on  the  recent  "Decontamination  Squad” 
column  (May  1977)  that  I’d  like  to  share. 

He  observes  that  "It  has  been  our  ex¬ 
perience  that  once  you  begin  wet-play¬ 
ing  a  record  you  can  never,  never  play 
the  record  dry  again.  After  two  wet 
plays,  playing  the  record  dry  will  blow 
you  out  of  the  room  with  surface  noise. 

"The  reason  is  fairly  complex,"  says 
Dr.  Maier,  offering  some  research  con¬ 
clusions  concerning  wet  playing  of 
discs: 

(1)  Wet  playing  causes  an  intense  dise¬ 
quilibrium  in  temperatures  between  the 
vinyl  at  the  stylus  pressure  point  and  the 
liquid  layer  on  the  disc  surface.  This 
temperature  differential  causes  (by  actu¬ 
al  electron  microscopy  investigation) 
disorientation  or  cracking  or  injury  to  the 
surface  molecular  structure,  just  as  you 


might  fracture  a  glass  cup  if  you  heated 
it  when  it  contained  cold  water. 

(2)  Wet  playing  allows  an  interface  layer 
of  liquid  to  extract  tiny  amounts  of  sur¬ 
face  stabilizer  into  a  slurry.  When  this 
slurry  is  allowed  to  dry  back  onto  the 
surface,  there  is  a  concomitant  lack  of 
stabilizers  in  the  right  place  plus  little 
globules  in  the  wrong  places. 

(3)  Wet  playing  literally  shorts  out  some 
cartridges  by  wicking  up  the  cantilever 
and  causing  the  generator  assemblies  of 
some  cartridges  to  corrode  very  quickly. 

Dr.  Maier  disagrees  with  my  sugges¬ 
tion  that  record-cleaning  substances 
and  lubricants  can  be  evaluated  by 
treating  just  180  degrees  of  a  record 
side  and  then  listening  for  any  difference 
between  the  two  halves.  He  points  out 
(quite  rightly,  l  suspect)  that  the  transi¬ 
tion  points  between  the  halves  will  al¬ 
ways  be  audible.  Had  my  description 
been  more  complete,  it  would  have  been 
clear  that  the  evaluator  should  listen  for 
any  differences  between  the  two  halves 
offter  than  the  noise  occurring  at  the  ac¬ 
tual  transition  points,  of  which  there 
should  be  two  per  revolution.  As  l  sug¬ 
gested,  the  slower  the  playing  speed, 
the  easier  it  will  be  to  distinguish  the 
transition  points  from  the  rest  of  the  disc 
surface.  O 
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RC  CIRCUIT  QUIZ 

BY  ROBERT  P.BAUN 

Resistance-capacitance  circuits  are  In  ac  circuits,  the  RC  combination  is 
not  always  as  simple  as  they  might  used  as  a  frequency-sensitive  voltage 
seem.  For  example,  in  dc  circuits,  the  divider  or  filter.  And,  in  circuits  involving 
charging  time  of  the  capacitor,  as  con-  both  dc  and  ac  components,  it  is  used  to 
trolled  by  the  resistance,  is  used  to  de-  block  the  dccomponent.Other  examples 
temiine  oscillator  frequency.  could  be  given. 
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However,  whenever  the  RC  circuit 
has  a  different  application,  it  seems  to 
acquire  a  different  name  for  its  function. 
To  test  your  knowledge  of  RC  circuits, 
see  if  you  can  match  the  circuits  (A  to  J) 
with  the  functions  (1  to  10). 
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soltworo  flexibility  as  well  MITS  software, 
including  th©  innovative  Alta  if  BASIC  lun 
guago,  allows  l ho  lull  potential  of  the  Altaif 
8800b  computer  to  be  redi/ed 
BK  AUTAIR  BASIC  ivjs  facilities  for  variable 
length  slrfHQS  with  liFT$,  RIGHTS,  end  MID$ 
functions,  a  concatenation  operator.  and 
VAl  AND  SIRS  functions  to  convert  between 
strings  and  numbers 


Offended  AUAIR  BASIC  allows  mlogof.  simile 
and  double?  precision  variables,  automatic 
line  numbering  and  renumbering,  user 
defined  tiring  functions,  PRINT  USING  for  for¬ 
matted  output  and  a  powerful  EDfT  com 
mand  for  editing  program  files  during  oi  after 
entry  Extended  statement*  and  commands 
include  if  THEN  FLSt  1 1ST  and  DflfTE 
program  lines.  SWAP  variables  and  (race  Oft 
and  Off  for  debugging 

Disk  ALT  AIR  BASIC  has  all  the  features  of 
Extended  BASIC  wilh  I  he  additional  capa¬ 
bility  to  maintain  sequential  and  random 
access  disk  tiles  U1  ill  lies  are  provided  for 
formatting  disks  and  printing  directories. 

in  oH  versions  of  ALTAI  R  BASIC  you  get  the* 
ease  and  efficiency  at  BASIC  for  the  solution 
Ol  real  world  problems 
Package  II,  an  assembly  language  develop¬ 
ment  system  for  the  Alfair  8800b,  includes 
system  monitor,  text  editor,  assembler  and 
debug 


Afford -ability: 

Prices  for  the  Attain  8800b  start  at 
$840  00  for  a  kit  and  SlIOO  00  few  an 
assembled  unit  (all  documenlalion 
included). 

For  a  complete  listing  of  prices  on 
atl  Altai r  products  and  a  free  bn> 
chure,  contact: 


MITSh  Inc 
2450  Alamo  S.E 
Abuquerque.  N  M  87106 
2437821 


If  Comes  Naturally  With 
The  Alfair™  8800b 


/ ability. 


NOTE:  Allair  is  a  trademark  of  M1TS,  Inc 


Often  HQ  13  OH  tm  JNWRHWNQN  WD 


choice  of  foui  different  memory  boards  anr) 
many  oi  tiers 

Reli-ability: 

The  unique  design  features  of  I  he  Alfaii 
8 80 0b,  which  have  sot  ihe  standard  for  ftie 
microcomputer  (industry,  make  it  fhe  most 
reliable  unit  of  its  kind  I  hr?  AJlair  100  pin  bus. 
Ihe  now  standard  design  used  txy  many  imi¬ 
tators.  has  been  "standard  ’ all  along  at  MfTS 
Ihe  unique  front  Panel  Jnlorloce  Board  on 
the  Affair  8800b  isolates  anrj  litters  front  par  ml 
noise  before  if  can  be  transmitted  to  I  Ik-  bus 
The  all -new  CPU  board  utilizes  the  8 080 A 
microprocessor,  Intel  0224  clock  generator 
and  8216  bus  drivers 

Flex-abilify: 

Meeting  ihe  diversified  demands  ol  an  ever- 
incr easing  microprocessor  market  requires 
flexibility  nof  just  hardware  flexibility  but 


The  Affair  8800b  from  MJTS  ihe  second  gon¬ 
er  of  ion  design  of  Ihe  microcomputer  that 
slorted  if  all  The  mainframe  that  Lias  l tie  abil¬ 
ities  everyone  is  domarto^  from  microcom¬ 
puters  today 


Expand-ability: 

The  Altai  r  88 00b  power  supply  and  onc?- 
piocu,  18* slot  motherboard  allow  efficient 
and  easy  expandability  Tor  memory  a  nr  I  I/O 
options.  All  Aloir  PC  boards  are  designed  to 
give  you  maximum  capabiTitv/lowest  power 
usage  possible  per  board  This  means  that 
for  each  slot  used  you  get  more  features  and 
require  Tess  power,  than  with  any  ot  the  +*otf- 
brand'  Atait-bus-compalible  boards 


Whether  you  buy  an  entire  system  up  front  or 
choose  to  expand  gradually,  it's  easy  lo  get 
the  configuration  you  need  with  the  com* 
plete  tamity  of  Aloir  peripheral  equipment, 

including  _ 

floppydisk,  line  ^ 
printer,  audio 
cassette  record 
interface,  A'D 
converter, 

PROM  program¬ 
mer,  sen  at  and 
parallel  t/O  boards 


Advanced  Electronics 


If  you 
can’t  go 
to  college 
for  your 
career  in 
electronics 
-read  this! 

CREI  brings  college-level  training 
to  you  with  eight  educational 
advantages,  including  special 
arrangements  for  engineering  degrees 


The  best  way  to  qualify  for  top  positions 
and  top  pay  in  electronics  is  obviously 
with  college-level  training.  The  person 
with  such  training  usually  steps  more 
quickly  into  an  engineering  level  posi¬ 
tion  and  is  paid  considerably  more  than 
the  average  technician  who  has  been  on 
the  job  several  years. 

A  regular  college  engineering  pro¬ 
gram,  however,  means  several  years  of 
full-time  resident  training— and  it  often 
means  waiting  several  years  before  you 
can  even  siart  your  career .  This,  of 
course,  is  difficult  if  you  must  work  full 
time  to  support  yourself  and  your  fam- 
ily. 

If  your  career  in  electronics  is  limited 
without  college-level  training,  take  a 
look  at  the  advantages  a  CREI  home 
study  program  can  offer  you. 

1.  Convenient  Training 

CREI  brings  the  college  to  you. 
Through  the  convenience  of  home  study, 
you  receive  exactly  the  same  level  of 
training  you  will  find  in  any  college  or 
university  offering  programs  in  elec¬ 
tronic  engineering  technology.  With 
CREI,  however,  you  can  “go  to  college” 
whenever  you  have  spare  time  at  home 
or  on  the  job. 

2.  Specialized  Programs 

With  CREI,  you  enjoy  the  advantage  of 
specialized  training.  That  is,  your  pro¬ 
gram  will  include  only  those  courses 
directly  applicable  to  your  career  in 
electronics.  We  omit  such  courses  as 
English,  social  studies  and  other  sub¬ 
jects,  which  are  usually  required  in 
resident  schools.  Therefore,  with  CREI, 
you  move  ahead  faster  to  the  more  in¬ 
teresting  and  useful  part  of  your  train¬ 
ing. 

3.  Practical  Engineering 

CREI  programs  give  you  a  practical 
engineering  knowledge  of  electronics. 
That  is,  each  part  of  your  training  is 
planned  for  your  “use  on  the  job."  By 
using  your  training,  you  reinforce  the 
learning  process.  And  by  demonstrating 
your  increased  knowledge  to  your  em¬ 
ployer,  you  may  qualify  for  faster  ca¬ 
reer  advancement. 

4.  Engineering  Degrees 

CREI  offers  you  a  number  of  special 
arrangements  for  earning  engineering 
degrees  at  recognized  colleges  and  uni¬ 
versities.  You  can  earn  college  credit 
while  you  arc  taking  your  CREI  pro¬ 
gram  or  apply  later,  whatever  Is  best  for 
your  career  plans. 
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Career  Training  at  Home 


Send  for  this  FREE  Book 
describing  your  opportunities 
and  CREI  college -level 
programs  in  electronics 


5.  Unique  Laboratory 

Only  CREI  offers  you  the  unique  Elec¬ 
tronic  Design  Laboratory  Program.  This 
complete  college  laboratory  makes  learn¬ 
ing  advanced  electronics  easier  and  it 
gives  you  extensive  practical  experience 
in  many  areas  of  engineering,  including 
design  of  electronic  circuits.  No  other 
school  offers  this  unique  program.  It  is  a 
better  "LabM  than  we  have  found  in 
many  colleges.  And  the  professional 
equipment  included  in  the  program  be¬ 
comes  yours  to  keep  and  use  throughout 
your  professional  career. 

6.  Wide  Program  Choice 

CREI  gives  you  a  choice  of  specializa¬ 
tion  in  14  areas  of  electronics.  You  can 
select  exactly  the  area  of  electronics  best 
for  your  career  field.  You  can  specialize 
in  such  areas  as  computer  electronics, 
communications  engineering,  micro¬ 
wave,  CATV,  television  (broadcast) 
engineering  and  many  other  areas  of 
modern  electronics, 

7.  Prepared  by  Experts 

Experts  in  industry  and  technical  orga¬ 
nizations  of  government  develop  CREI 
programs.  Each  part  of  your  training  is 
developed  by  a  recognized  expert  in  that 
area  of  electronics.  That  means  you  get 
the  most  up-to-date  and  practical  in¬ 
struction  for  your  career. 

8.  Industry  Recognition 

Thai  CREI  training  is  recognized  by  in¬ 
dustry  and  government  is  evident  from 
the  fact  CREI  provides  training  to  ad¬ 
vanced  technical  personnel  in  over 
1,700  technical  organizations.  Many  sub¬ 
sidize  the  training  of  their  employees 
with  CREI.  If  there  is  any  question 
about  the  advantages  of  CREI  training 
for  you,  ask  your  employer  or  any  engi¬ 
neer  to  evaluate  the  outline  of  a  CREI 
program  for  you. 

Other  Advantages 

Of  course,  there  are  many  other  ad¬ 
vantages  to  CREI  training.  For  ex¬ 
ample,  throughout  your  training,  CREEs 
staff  gives  you  personal  instruction  for 
each  step  of  your  program.  And  in 
many  industrial  areas,  both  in  the  U.  S, 
and  abroad,  CREI  Field  Service  Repre¬ 
sentatives  provide  a  number  of  impor¬ 
tant  personal  services  for  your  training 
and  your  career. 


CAPITOL 

RADIO 

ENGINEERING 

INSTITUTE 


CREI  programs 
are  approved 
for  training  of 
veterans  and 
servicemen  under 
the  G.L  Bill 


McGraw-Hill  Continuing  Education  Center 
3939  Wisconsin  Avenue  Northwest 
Washington,  D.C.  20016 

Accredited  Member  National  Home  Study  Council  IHl! 


FREE  Book 

There  isn’t  room  here  to  give  you  all  of 
the  facts  about  career  opportunities  in 
advanced  electronics  and  how  CREI 
prepares  you  for  {hem.  So  wc  invite 
you  to  send  for  our  free  catalog  (if  you 
are  qualified).  This  fully  illustrated,  80 
page  catalog  describes  in  detail  the  pro¬ 
grams,  equipment  and  services  of  CREL 


Qualifications 

You  may  be  eligible  to  take  a  CREI 
college-level  program  in  electronics  if 
you  are  a  high  school  graduate  (or  the 
true  equivalent)  and  have  previous 
training  or  experience  in  electronics. 
Program  arrangements  are  available  de¬ 
pending  upon  whether  you  have  exten¬ 
sive  or  minimum  experience  in  elec¬ 
tronics. 


Gl  Bill 
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HIRSCH  HOUCK  LABORATORIES 


Julian  Hirsch 

Audio  Reports 


NOISE  FILTERING  FOR  HI-FI 


From  high  fidelity's  earliest  days,  audiophiles  have 
faced  the  problem  uf  doling  with  the  various  ef¬ 
fects  lhat  wo  lump  together  under  tin*  heading  of 
" noise.”  Noise  is  defined  in  the  current  ANSI  stand¬ 
ard  as  "unwanted  disturbances  super- im posed  upon 
a  useful  signal  that  (end  to  obscure  its  information 
<  ontenl."  In  the  case  of  sound  reproduction  systems, 
this  is  modified  to  exclude  harmonic,  suhharmomc, 
and  intermodulation  distortion  products,  and  flutter 
mid  wow. 

For  most  hi-fi  listeners,  noise  falls  into  two  broad 
categories:  high-frequency  hiss  or  scratch  and 
low-frequency  noises,  sui  h  as  rumble  or  hum.  Allure 
essentially  steady-slate  effects,  though  they  are  usu¬ 
ally  random  in  nature.  Another  category  includes  im¬ 
pulse  noise,  composed  of  discrete  pulses  that  occur  at 
regular  or  irregular  intervals,  such  as  automobile- 
ignitkin  interference  and  record  ticks  or  pops. 

To  some  degree,  all  of  these  forms  of  noise  arc  pres¬ 
ent  at  all  times  in  reproduced  music,  and  eliminating 
or  reducing  their  object i enable  qualities  has  been  the 
goal  of  many  talented  engineers  for  decades.  No  pan¬ 
acea  has  yet  been  discovered  for  noise,  but  by  attack¬ 
ing  the  problem  on  several  fronts,  it  has  been  possible 
to  greatly  reduce  its  audible  effects. 

The  basic  problem  is  that  the  noise  energy  and  the 
music  program  occupy  the  same  frequency  spec  Irani, 
often  simultaneously.  Noise  may  extend  well  beyond 
the  program  bandwidth  nr,  as  in  the  case  of  power 
line  hum,  may  occupy  a  small  discrete  portion  of  the 
spectrum.  The  more  successful  no  iso- reduction  sys¬ 
tems  operate  by  virtue  of  achieving  a  greater  reduc¬ 
tion  of  noise  than  of  program  content,  l hough  some 
sacrifice  of  the  latter  is  unavoidable. 

The  simplest,  oldest,  and  least-effective  anti -noise 
technique  is  to  use  fixed  low-pass  or  high-pass  fitters 
In  attenuate  noise  energy  outside  the  main  spectrum 
uf  the  program  bandwidth.  If  bandwidth  is  limited 
(as  in  the  rase  of  78-rpm  records  or  AM  radio)  it  is 
possible  In  cut  off  most  of  the  hiss  with  little  loss  of 
program  quality.  The  shellac-based  78-rpm  phono- 
gra  ph  records  were  noted  for  their  high  "scratch" 
level,  and  a  fixed  filter  cutting  off  above  3000  or  40013 
i  \/.  could  lie  very  helpful.  Since  turntable  rumble  was 
concentrated  at  frequencies  below  100  Hz.  a  filler 
cutting  off  at  that  frequency  could  clean  up  the  bass 
reproduction  without  too  much  loss  of  content . 


The  wider  bandwidth  of  LP  records  was  fortunate¬ 
ly  (and  not  accidentally)  combined  with  tow-noise 
v  in\l  record  materials  so  that  Ihe  Full  frequency  range 
could  frequently  be  enjoyed  without  too  much  distur¬ 
bance  from  noise.  Nevertheless,  even  as  records  and 
playback  systems  were  improved,  one’s  enjoyment  of 
a  wide-range  recording  was  increasingly  likely  to  be 
marred  by  extraneous  noises,  The  fixed  filter,  being 
by  far  the  cheapest  "cure,1*  continued  to  be  offered  as 
a  solution  to  this  problem,  although  it  usually  solved 
nothing  at  all. 

I  Jnlike  the  situation  with  7iVs,  the  recorded  materi¬ 
al  nn  an  l,P  disc  usually  had  useful  energy  up  to 
10. 000  Hz  or  higher.  Cutting  off  the  noise  above 
10.000  Hz  was  uf  no  help,  since  the  change  could  not 
be  beard  by  most  people.  Cutting  off  an  octave  lower, 
at  5000  Hz,  might  produce  a  noticeable  lowering  of 
the  hiss  level,  but  would  certainly  dull  the  program 
to  an  undesirable  degree*  The  low-frequency  noise 
problem  was  much  less  severe.  For  one,  most  of  it 
was  under  the  listener's  coni rnl.  in  the  sense  that  us¬ 
ing  a  better  turntable  would  eliminate  much  of  the 
rumble  at  its  source,  Since  most  speaker  systems 
have  considerably  reduced  output  at  very  low  fre¬ 
quencies.  only  the  unfortunate  combination  of  a  poor 
turn l able,  good  speaker  system,  and  high  listening 
level  was  likely  to  result  in  a  disturbingly  high  rum¬ 
ble  level, 

Wc  have  been  referring  to  filter  action  as  "cutting 
off*  at  a  certain  frequency.  If  fillers  worked  that  way, 
they  would  be  much  more  effective.  Unfortunately,  a 
real  filter,  the  simple  type  used  in  home  entertain¬ 
ment  electronic  products,  attenuates  the  response 
gradually,  on  hath  sides  nf  its  cutoff  frequency.  Most 
fillers  used  in  hi-fi  amplifiers  or  receivers  have  a  cut 
off  slope  nf  6  dB/octave  (which  requires  only  a  single 
resistor  and  capacitor,  hence  its  popularity).  The  c?f* 
feet  tvf  the  filler  begins  more  than  an  octave  below  the 
rut  off  frequency,  at  which  point  its  response  is  down 
3  dB,  By  the  time  the  frequency  has  gone  an  octave  or 
more  above  the  cutoff  point,  the  rate  of  attenuation 
approaches  its  ultimate  valise  of  6  dB  with  each  oc¬ 
tave  increase  (doubling  of  frequency). 

In  fact,  the  typical  filter  response  curve  is  virtually 
identical  In  the  treble  tone  control  response  with  the 
control  set  to  minimum.  The  filter  switch  is  thus  a 
convenient  substitute  for  the  tone  control— but  it  is 
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no  more  effective  as  a  noise-reducing  device!  A  simi¬ 
lar  situation  exists  at  the  low  frequencies,  with  many 
rumble  filters  beginning  to  cut  the  frequency  re¬ 
sponse  as  high  as  150  or  200  Hz.  Fortunately  it  is  pos¬ 
sible,  by  selecting  a  cutoff  frequency  between  50  and 
100  Hz,  to  make  a  worthwhile  reduction  in  rumble 
without  undue  loss  of  program  content  because  most 
recorded  music  has  little  energy  below  100  Hz, 

For  better  results,  filters  can  be  made  with  a  sharp¬ 
er  cutoff  action  so  that  a  greater  proportion  of  noise 
can  be  removed  without  harmful  effects  on  the  pro¬ 
gram*  It  is  not  too  expensive  to  build  filters  with  a  12 
dB/octave  slope,  and  in  some  active  filter  configura¬ 
tions  the  cutoff  “knee”  can  be  made  much  sharper  so 
that  program  material  will  be  less  affected.  Some  of 
the  better  amplifiers  and  receivers  do  have  such  fil¬ 
ters,  and  if  their  cutoff  frequencies  are  well  chosen 
(and  preferably  selectable)  they  can  be  useful. 

Nevertheless,  no  fixed  filter,  no  matter  how  steep 
its  attenuation  slope  or  where  its  cutoff  action  begins, 
can  do  a  really  effective  job  of  noise  reduction  with¬ 
out  impairing  program  quality.  A  number  of  ingeni¬ 
ous  dynamic  filters  have  been  developed  in  which 
the  attenuation  and  the  frequency  at  which  the  filter 
becomes  effective  are  controlled  by  the  program  it¬ 
self.  The  psychoacoustic  phenomenon  of  masking  is 
used  in  the  design  of  these  filters.  High-frequency 
hiss  is  audible  only  in  the  absence  of  high-frequency 
program  content;  when  the  music  is  loud  or  contains 
appreciable  high-frequency  energy,  the  hiss  is 
masked  and  cannot  be  heard.  Similarly  at  the  low 


end,  rumble  cannot  be  heard  when  the  program  is 
loud  or  contains  strong  low-frequency  material. 

It  would  seem  logical  to  use  a  high-cut  (low-pass) 
filter  whose  operating  frequency  and/or  slope  are 
controlled  by  the  program  so  that  its  filtering  action 
occurs  only  under  conditions  that  allow  the  hiss  to  be 
heard.  This  logic  is  correct,  but  there  is  the  problem 
of  selecting  the  dynamic  characteristics,  including 
the  basis  for  filter  operation,  its  actual  response  char¬ 
acteristics,  and  the  rate  of  attack  and  decay  of  the  fil¬ 
tering.  Failure  to  do  this  correctly  will  result  in  audi¬ 
ble  swishes  and  other  clues  that  the  filter  is  working; 
a  noise  reduction  device  whose  action  can  be  heard  is 
not  of  much  value. 

There  are  a  handful  of  add-on  noise-reduction  sys¬ 
tems  that  truly  do  a  fair-to-good  job  of  minimizing 
noise  without  any  noticeable  effect  on  program  mate¬ 
rial.  A  new  NR  accessory,  announced  by  SAE  recent¬ 
ly,  even  claims  to  remove  ticks  and  pops  from  record 
reproduction.  But  these  are  accessories . 

As  strongly  implied,  the  fixed  filters  built  into  most 
receivers  and  amplifiers,  especially  those  having  6- 
dB/octave  slopes,  are  virtually  worthless  as  noise- 
reduction  devices.  In  spite  of  this,  many  receivers 
and  amplifiers  above  the  lowest  price  ranges  include 
some  sort  of  "filter,”  presumably  because  their  de¬ 
signers  feel  that  it  is  expected  of  them.  Perhaps  a 
counter-trend  is  under  way,  since  we  noted  with  in¬ 
terest  that  Radio  Shack’s  deluxe  Realistic  Model 
STA-2000  receiver,  reviewed  in  this  issue,  eschews 
all  filters.  We  did  not  miss  them  for  a  moment.  O 


REALISTIC  MODEL  STA-2000  STEREO  RECEIVER 

Company's  top-of~the~line .  7 5-Wf channel  receiver  boasts  notable  features 
and  smooth  performance. 


Radio  Shacks 
Model  STA-2000 
heads  the  “Real¬ 
istic"  brands  list 
as  its  top  AM/ 
stereo  FM  receiver.  Us  amplifiers  are  rat¬ 
ed  to  deliver  75  watts/channel  into  8- 
ohrrv  loads  at  less  than  0.25%  total  har¬ 
monic  distortion  (THD)  from  20  to 
20,000  Hz.  The  front  panel  is  satin-fin¬ 
ished  aluminum  with  matching  control 


knobs  and  switch  buttons.  A  large  clear 
glass  window,  behind  which  the  dial 
scales  are  angled  back  for  better  visibil¬ 
ity,  dominates  the  upper  two-thirds  of 
the  panel.  All  controls,  except  the  large 
tuning  knob,  are  located  on  the  lower 
third  of  the  panel.  The  single  tuning  me¬ 
ter  indicates  center-of-channel  for  FM 
and  relative  signal  strength  for  AM. 

The  receiver  measures  19"W  x 
16'/2wD  x  SW'H  (48.3  x  41 .9  x  1 7.5  cm) 


and  weighs  40  lb  (18.2  kg).  Supplied 
with  genuine  walnut-finished  end  plates, 
the  receiver  is  catalog  priced  at  $499.95. 

General  Description.  A  row  of  col¬ 
ored  indicator  lights  above  the  dial 
scales  illuminate  to  identify  the  selected 
input  (am,  fm,  phono,  auxI,  aux2)  and 
when  a  stereo  FM  station  is  being  re¬ 
ceived.  Two  small  meters  above  the  dial 
scales  monitor  the  output  power  of  the 
audio  channels.  The  meters  are  calibrat¬ 
ed  at  decade  intervals  from  0.1  to  100 
watts,  based  on  8-ohm  loads. 

In  addition  to  the  Input  selector 
switch,  there  are  bass  and  treble  tone 
controls  with  21  detented  positions,  in¬ 
cluding  a  flat  setting  at  the  center,  and 
a  balance  control  with  a  center  detent. 
The  volume  control  operates  in  steps 
with  41  detented  positions.  Tone  con¬ 
trols  are  concentric,  permitting  individual 
channels  to  be  adjusted. 

Eight  pushbutton  switches  are  ar¬ 
ranged  in  a  two-row  matrix.  The  upper 
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Noise  and  sensitivity  curves  for  FM  section  of  Realistic  receiver. 

row  is  for  switching  in  and  out  an  fm  nal  areas.  One  of  the  two  accessory  ac 

mpx  filter  (reduces  noise  in  stereo  re-  outlets  on  the  rear  apron  is  switched, 

ception  by  partially  blending  the  chan¬ 
nels  at  higher  audio  frequencies),  fm  Laboratory  Measurements.  Dur- 

mute  circuit,  mono/stereo  mode,  and  ing  the  one-hour  preconditioning  of  the 

loudness  compensation.  The  lower  amplifier  at  one-third  rated  power,  the 

row  of  switches  contains  switching  for  a  metal  cover  above  the  output  transistors 

20-dB  audio  attenuator  (for  temporary  became  quite  warm,  but  the  receiver  as 

interruption),  a  and  0  speakers  selec-  a  whole  remained  cool.  The  outputs  of 

tion,  and  power.  Two  lever  switches  are  the  amplifiers,  when  driving  8-ohm  loads 

provided  for  controlling  the  tape  record-  at  1000  Hz,  clipped  at  90  watts/channel. 

ing  functions  for  two  tape  decks.  The  Into  4-  and  16-ohm  loads,  the  output 

dubbing  switch  crossconnects  the  was  106  and  55  watts,  respectively, 

decks  for  copying  a  tape  from  either  The  1000-Hz  THD  was  less  than 
deck  to  the  other  or  connects  both  decks  0.01%  from  0.1  to  20  watts,  tt  increased 

for  recording  from  the  program  source  to  very  slowly  to  0.05%  at  80  watts.  The  IM 

which  the  selector  switch  is  set.  The  distortion  was  between  0.03%  and  0,1% 

monitor  switch  connects  the  playback  from  0.1  to  80  watts.  At  outputs  of  a  few 

from  either  deck  or  the  selected  source  milliwatts,  the  IM  distortion  increased  to 

to  the  receiver's  audio  amplifiers.  several  tenths  of  a  percent. 

On  the  rear  apron  of  the  receiver  are  At  the  rated  75-watt  output,  the  distor- 
insulated  binding  posts  for  the  two  pairs  tion  was  between  0.02%  and  0.05% 

of  speaker  systems  that  can  be  accom-  over  most  of  the  audible-frequency 

modated.  (The  connectors  are  excep-  range  and  never  exceeded  0.09%.  It 

tionally  easy  to  use  and  do  not  require  was  much  the  same  at  lower  output 

the  wire  to  be  wrapped  around  the  powers,  measuring  about  0,01%  at  mid¬ 
posts.)  Their  functions  are  duplicated  by  die  frequencies  and  from  0.1%  to  0.14% 

two  pairs  of  phono  jacks  for  speaker  at  20,000  Hz.  Through  the  aux  input,  the 

system  cables  equipped  with  phono  amplifier's  sensitivity  was  50  mV  for  a 

plugs.  The  various  signal  input  and  out-  reference  1 0-watt  output  with  a  74-dB 

put  connectors  are  phono  jacks,  and  the  S/N  ratio.  The  phono  sensitivity  was 

two  sets  of  tape  recorder  connectors  are  0.83  mV  with  a  66-dB  S/N  ratio.  The 

duplicated  in  DIN  sockets.  Two  sets  of 
auxiliary  outputs  are  also  included. 


phono  input  at  1000  Hz  didn't  overload 
until  a  very  high  220  mV  was  reached. 

The  bass  tone  control  had  a  variable 
turnover  frequency.  It  provided  a  moder¬ 
ate  boost  or  cut  below  100  Hz  at  partial 
settings,  with  negligible  effect  at  higher 
frequencies.  The  turnover  frequency  in¬ 
creased  to  about  500  Hz  at  the  control's 
extremes.  The  treble  control  character¬ 
istics  were  hinged  at  about  3000  Hz. 
RIAA  phono  equalization  was  flat  within 
±0.5  dB  from  60  to  20,000  Hz,  dropping 
slightly  at  lower  frequencies  to  - 2  dB  at 
30  Hz.  Because  the  phono  preamplifier 
stage  effectively  isolates  the  cartridge 
from  the  feedback  components,  the  pho¬ 
no  response  was  completely  unaffected 
by  the  cartridge  inductance. 

The  loudness  compensation  boosted 
only  the  low  frequencies  as  the  volume 
control  setting  was  reduced.  The  boost 
ai  normal  listening  levels  was  slight, 
avoiding  the  unnaturally  heavy  sound 
that  is  typical  of  most  loudness-compen¬ 
sation  systems.  The  power  meters  pro¬ 
vided  only  a  rough  approximation  of  the 
actual  output,  with  typical  errors  being 
50%  to  100%.  They  had  a  fairly  slow  re¬ 
sponse  time  and  were  well  damped,  fol¬ 
lowing  average  program  levels  to  our 
satisfaction. 

The  FM  tuner  section  had  an  IHF  sen¬ 
sitivity  of  1 1 .6  dBf  (2,1  p,V)  in  mono  and 
17  dBf  (4.0  1 j,V)  in  stereo.  The  steep  li¬ 
miting  curve  yielded  50  dB  of  noise  qui¬ 
eting  at  only  13.5  dBf  (2.6  p,V)  in  mono, 
with  1.1%  THD,  and  35.5  dBf  (32  p.V)  in 
stereo,  with  0.4%  THD.  The  1000-Hz 
distortion  was  about  0.08%  in  mono  and 
0.32%  in  stereo  at  a  65-dBf  (1000  p.V) 
input.  The  stereo  THD,  with  L  -  R  chan- 
nle  modulation,  was  0.75%  at  1 00  Hz, 
0.1%  at  1000  Hz,  and  0.2%  at  6000  Hz. 
The  S/N  was  72.5  dB  in  mono  and  69 
dB  in  stereo. 

The  FM  frequency  response  had  a 
slight  dip  in  the  midrange  and  high-fre¬ 
quency  response,  plus  the  usual  drop  at 
15,000  Hz  due  to  the  multiplex  pilot  car¬ 
rier  filter.  Overall,  the  response  was  still 
within  ±1  dB  from  30  to  12,500  Hz, 


Preamplifier  outputs  and  power  amplifier 
inputs  are  brought  out  to  separate  pho¬ 
no  jacks  that  are  joined  together  by  re¬ 
movable  jumper  links.  There  are  anten¬ 
na  terminals  for  75-  and  300-ohm  FM 
antennas  as  well  as  a  wire-type  AM  an¬ 
tenna.  There  is  also  a  fully  hinged  and 
pivoted  AM  ferrite  rod  antenna.  The  line 
cord  has  a  capacitive  coupling  clip  that 
can  be  connected  to  one  of  the  300-ohm 
FM  antenna  inputs  so  that  the  power  line 
can  be  used  as  an  antenna  in  strong  sig- 


Frequency  response 
and  crosstalk 
averaged  for  both 
channels  in  stereo  FM. 
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down  about  3.7  dB  from  midrange  levels 
at  15,000  Hz.  The  stereo  channel  sepa¬ 
ration  was  very  uniform,  about  35  dB 
over  most  of  the  audio  range.  It  was  a 
very  good  27.5  dB  at  30  Hz  and  31 .5  dB 
at  15,000  Hz. 

FM  capture  ratio  was  1.75  dB  at  65 
dBf  and  1.9  dB  at  45  dBf  (100  pV)  in¬ 
puts.  The  AM  rejection  was  an  excep¬ 
tional  83  dB.  Image  rejection  also  mea¬ 
sured  83  dB.  The  alternate-channel  se¬ 


lectivity  was  76  dB,  and  adjacent-chan¬ 
nel  selectivity  was  4.6  dB.  Muting  and 
automatic  stereo  switching  thresholds 
were  identical  at  17,2  dBf  (4  pV).  The 
19-kHz  pilot  carrier  leakage  into  the  au¬ 
dio  outputs  was  -70  dB,  and  tuner  hum 
was  a  very  low  -75  dB.  The  AM  tuner 
section  appeared  to  be  relatively  sensi¬ 
tive,  with  a  notable  freedom  from  buzz¬ 
ing  noises,  and  a  wider-than-usuat  fre¬ 
quency  response  that  was  down  6  dB  at 


4500  Hz  and  3.5  dB  at  20  Hz,  from  the 
midrange  levels. 

User  Comment.  There  are  some  in¬ 
teresting  in-use  observations  to  be 
made  concerning  this  receiver  that  don't 
show  up  by  examining  specifications. 
For  example,  unwanted  noises  and 
switching  transients  have  been  elimi¬ 
nated  with  notable  success.  This  is 
accomplished  by  effecting  a  slight  delay 
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after  power  is  applied,  whereupon  a  re¬ 
lay  connects  the  speakers  to  the  output 
transistors.  Furthermore,  when  the  FM 
muting  switch  is  activated,  FM  tuning  ac¬ 
tion  is  completely  free  of  transients  and 
noise  bursts. 

The  output  transistors  are  protected 
against  damage  from  overload,  includ¬ 
ing  short  circuits,  by  a  circuit  that  si¬ 
lences  the  receiver  until  rt  is  reset  by 
turning  off  the  power  for  a  few  moments 
and  then  turning  it  on  again.  We  verified 
the  effectiveness  of  the  overload  protec¬ 
tion  by  driving  the  receiver  into  shorted 
outputs,  which  immediately  shut  off  the 
amplifiers  without  damaging  them.  It  is 
also  thermally  protected  against  exces¬ 
sive  operating  temperatures,  although 
we  never  reached  such  a  condition. 


Realistic  has  chosen  to  omit  some 
“features”  usually  found  in  receivers  of 
the  Model  STA-2000's  price  range  that 
are  of  little  value  in  any  receiver  such  as 
low-  and  high-cut  audio  filters*  Unless 
such  filters  have  cutoff  slopes  of  12  dB/ 
octave  or  more,  they  are  useless  for 
their  intended  purpose.  However,  the 
tape  recorder  dubbing  connections,  and 
the  separate  preamplifier  outputs  and 
power  amplifier  inputs  that  are  indeed 
useful  have  been  included.  The  same 
for  its  FM  multiplex  noise  filter.  We  par¬ 
ticularly  like  the  large  pushbutton 
switches  as  compared  to  rotary 
switches.  They’re  most  convenient  to 
use.  The  20-dB  attenuator  switch  is  a 
nice  touch,  permitting  the  user  to  lower 
volume  temporarily  without  losing  the 


volume-setting  place  previously  used. 

Comparing  the  actual  measured  per¬ 
formance  of  this  receiver  to  that  of  simi¬ 
lar  products  we  have  evaluated,  we  find 
that  the  Model  STA-2000  is  at  the  least  a 
competent  performer  in  every  respect 
and  outstanding  in  many.  It  has  the  un¬ 
mistakable  “sound”  of  a  good  control 
amplifier,  giving  the  sense  of  not  having 
a  device  between  the  source  and  the 
speakers. 

The  physical  smoothness  and  preci¬ 
sion  “fee!”  of  the  controls  are  consistent 
with  the  receiver's  excellent  perfor¬ 
mance,  Though  it  is  not  a  “super-power” 
receiver,  the  Model  STA-2000  is  more 
than  powerful  enough  for  the  majority  of 
users  and  is  a  very  good  value. 

CIRCLE  NO  10}  OH  m3  INFORMATION  card 


KOSS  MODEL  K/145  STEREO  HEADPHONES 

Comfortable  to  wear  with  fine  bass  performance  in  moderate  price  range . 


Heading  a  new 
line  of  low-cost 
“Slimline”  stereo 
headphones  from 
Koss  is  the  Model 
K/145.  This  circumaural  headphone 
features  rectangular  ear  cushions  that 
exclude  most  outside  sounds.  Each  ear- 
cup  contains  a  dynamic  driver  with  a  38- 
mm  polyester  diaphragm.  The  frequen¬ 
cy  range  of  the  phones  is  specified  at  20 
to  20,000  Hz.  Impedance  is  rated  at  90 
ohms  at  1000  Hz,  while  sensitivity  is 
specified  at  0.25  volt  at  1 000  Hz  (or  0. 1 1 
volt  rms  with  pink  noise)  for  a  100-dB 
sound  pressure  level  (SPL).  Harmonic 
distortion  is  claimed  to  be  less  than 
0.5%  at  1000  Hz  and  100  dB  SPL 
The  phones  are  finished  in  textured 
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brown  vinyl  and  come  with  a  matching 
padded  headband.  A  separate  knurled 
wheel  protruding  slightly  from  each  ear- 
cup  allows  independent  volume  level 
adjustment  in  the  left  and  right  channels. 
The  cords  that  attach  to  the  earcups 
come  down  to  form  a  Y  joint  about  2 '  (60 
cm)  from  the  earcups  before  joining  to 
the  coiled  cord  that  goes  to  the  driving 
amplifier.  The  total  length  of  the  cord  is 
1 0#  (about  3  meters).  The  phones  weigh 
1  lb  (454  g),  less  cord.  Price  is  $45. 

Laboratory  Measurements.  We 

tested  the  phones  on  a  modified  ANSI 
headphone  coupler,  the  type  used  by 
Koss  for  making  in-plant  measurements. 
The  bass  frequency  response  was  very 
flat  and  smooth,  confirming  the  effec¬ 
tiveness  of  the  “Pneumalite”  ear  cush¬ 
ions  in  sealing  the  phones  to  the  ears. 
The  output  varied  by  only  ±1*5  dB  from 
20  to  300  Hz. 

At  higher  frequencies,  the  output 
dropped  at  about  a  6-dB/octave  rate,  to 
-“20  dB  in  the  3000-Hz  range.  The  usual 
high-frequency  response  irregularities 
were  visible  above  4000  Hz  in  our  chart 
plots,  including  peaks  at  5500  and 
14,000  Hz.  These  irregularities  can  be 
due,  at  least  in  some  degree,  to  the  cou¬ 
pler  and  cannot  be  definitely  attributed 
to  the  headphones  themselves. 

With  a  0.25-volt  drive  qt  1000  Hz  ap¬ 
plied  through  a  source  resistance  of  100 
ohms,  the  phones  delivered  their  rated 
1 00-dB  SPL  output.  The  total  harmonic 
distortion  at  this  level  was  between  0.1  % 
and  0.2%  from  300  to  10,000  Hz,  which 
is  well  below  the  rated  0.5%.  At  lower 
frequencies,  the  THD  increased,  due  to 


the  larger  excursions  of  the  diaphragm, 
to  between  0.6%  and  0.9%  in  the  20- 
to-100-Hz  range.  We  also  measured  the 
distortion  with  the  drive  level  increased 
to  1  volt,  which  corresponds  to  a  1 12-dB 
output  at  1 000  Hz,  The  THD  at  this  level, 
although  far  in  excess  of  normal  listen¬ 
ing  levels,  was  0.3%  to  0.8%  at  most  fre¬ 
quencies  above  100  hertz  and  1.8%  at 
20  hertz* 

The  impedance  of  the  phones  was  a 
constant  90  ohms  from  20  to  20,000  Hz 
with  the  level  controls  set  to  maximum. 
At  the  center  positions  of  the  controls, 
the  impedance  increased  to  700  ohms, 
while  at  the  minimum  settings,  it  was 
about  1000  ohms. 

User  Comment.  In  our  use  tests,  we 
found  these  snug-fitting  phones  to  be 
comfortable  to  wear,  even  over  pro¬ 
longed  listening  periods.  We  noted  that 
the  sound  quality  is  pleasant  and  listen- 
able  throughout,  though  it  lacks  the  bril¬ 
liance  or  crispness  exhibited  by*  say, 
electrostatic  types.  (The  tatter  are  much 
costlier*  of  course.)  However,  we  ob¬ 
served  no  apparent  loss  in  the  high-fre¬ 
quency  range.  The  bass  and  lower  mid¬ 
range  were  strong  and  solid. 

In  an  overall  evaluation  of  perform¬ 
ance,  we  find  these  new  Koss  phones  to 
be  fine  performers,  though  sounding  a 
bit  “soft”  for  our  personal  tastes.  But 
other  listeners  may  indeed  prefer  it  this 
way.  Since  headphones,  like  speaker 
systems,  are  best  judged  subjectively  by 
the  listener,  we  strongly  recommend  a 
personal  audition  of  these  comfortable, 
relatively  inexpensive  phones. 
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Now  you  can  buy  Europe’s  No.1  CB 

in  the  U.S.A. 


The  country  that  created  superior  steel,  jet  fighters, 
automobiles  and  cameras  has  also  created  the 
world’s  finest  CB  equipment. 

handic.  from  Sweden,  is  the  best  selling,  most 
popular  CB  in  ail  Europe 

It  is  a  true  system.  Base  stations,  mobiles, 
hand-helds  and  accessories  interface  with  one 
another  as  a  system  should. 

handic  CBs  have  not  only  met  but  exceeded 
all  FCC  specifications  at  their  time  of  introduction 
Including  the  extraordinarily  handsome  new  40 
channel  line. 

Ruggedly  made  for  tough  Swedish  geography 
^T\  and  extreme  weather  conditions,  yet 
— 'vtf'Ae’k  -  stunningly  designed,  handic  has 
o tjflr —  drawn  rave  reviews  from  CB  publi- 
,  jjv  cations  in  the  U.S. 

handle  USA.  Inc.,  14560  N.W.  601h  Ave.,  Miami  Lakes.  FL  33014 


A  r-andic  240  -  in  sash  40  crvSw  Mob-le  C8  AM/F M  Radio  MPX  flEDi  -  $25995 
&  230  -  if  rider- dash  40  chi  5ft  Mobile  CEMLED)  -  S 19995 

C  'landicpi  -  2cn  iw  Hand  held  CB  $5995 
0  handic  a?  -  3  ch  2*  Hand-heid  CB  -55995 
i  hiindic  43C  -  4  chASwr  Hand-held  C8  -  5899$ 
f  i\ano»c65C  -  GenjSftH&honatd  C8  -  $<0995 

G  UCB  -  Umver&a*  Calotte  Recharge  .'Power  Hoiaei  lor  Hand -holds  -  51995 
h  uF'itfJc  S  \2  -  Seiooitve  Can  Ba^e  $  Mojmh?  17995 
1  h,r>d  c  30$  -  3  chfift  Motnte  CB  -  5799S 
J  nandtc  4005  ■  JPcm'SK*  Base  CB  */ Sub- receive  (L£D>  -  S279  95 
K  handic  3605  -  -JOch.'Sft  -  $2-^99$ 

L  h  and<  c  007  -  Be  Nhi  ■  10  Da  nd  Sc  a  n  nef  wtf  M  Radio  $239  35 
M  narxirC  006-Hi'L  -  Ben  I'h^ro  band  Of  UHF  Scarn(?r  $1499$ 
tl  handic  004-U  -  4c.hu1  tu-to  band  Or  IJHF  Romel  Scanner  -  $13995 
O  BK^’i05  pQftnr-paV  rqf  nan  die  305  &Q5  006  $34  95 

P  nnhjftcBO  -  Power  Mike  54995 


R 

my  nearest  dealer 


ease  send  the  free  handic  color  catalog  and  na7meLof 


Name 


Address 


I  Gtty 


,  State. 


handic 


lip 


USA  Inc 


tHitpiMne  P<£j^*-1522  T*h?k  5 19  T  30 

kfnniiniif  Bulging  M5GQ  N  W  i»QHi  A*r 

Miami  Lakes  Florida  330  ■  4  USA  j 
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Automotive  Developments 

Ford  Motor  Company  recently  announced  plans  louse 
the  resources  of  major  semiconductor  producers  to  help 
in  the  design  of  future  automotive  models.  Specially  de* 
signed  large-scale  integrated  circuits  and  microcomput¬ 
ers  will  shortly  control  many  engine  functions.  Two  new 
concepts  which  will  he  pioneered  by  Ford  in  1978  in¬ 
clude  an  electronically  controlled  carburetor  and  an 
electronic  engine  control  system  for  spark  timing  and 
exhaust  gas  recirculation.  The  new  devices,  to  he  in¬ 
stalled  on  a  limited  volume  of  1978  models,  are  intended 
to  improve  fuel  economy,  emissions  and  performance. 
Chrysler  and  General  Motors  have  also  announced 
plans  to  use  microprocessors  in  some  auto  models. 


TV  Color  Organ 

A  new  entertainment  system  developed  hy  Atari,  called 
“Video  Music,”  electronically  synchronizes  images  and 
colors  to  music  from  a  stereo  receiver,  A  cable  which 
connects  the  Video  Music  to  a  stereo  receiver  and  a 
switch  box  connected  to  the  vhf  antenna  terminals  of  a 
television  set  allow  the  music  signals  to  he  conducted  di¬ 
rectly  to  the  video  screen.  Five  front-pane!  potentiome¬ 
ters  and  twelve  pushbuttons  on  the  Video  Music  enable 
the  viewer  to  adjust  the  color,  shape,  brightness  and 
$i7,e  of  the  geometric  image,  producing  an  enormous 
number  of  possible  picture  combinations  which  pulse 
and  beat  to  the  rhythm  of  the  music.  Uses  five  IC's,  two 
transistors  and  twelve  diodes,  and  comes  with  an  FCC- 
approved  r-f  switch  box. 


RCA  To  Market  4-Hour  VTR 

RCA  has  announced  plans  to  market  a  home  video-tape 
recorder  made  by  the  Matsushita  Electric  Industrial  Co, 
of  Japan,  The  new  video  tape  recorder,  called  “VHS,” 
will  have  a  mode  switch  for  either  2-  or  4-hour  recording 
with  the  same  cassette,  vhf  and  uhf  tuners,  and  a  dock 
for  automatic  recording.  Moreover,  a  company  spokes¬ 
man  said  that  optional  microphones  and  cameras  will  be 
made  available  to  allow  consumers  to  produce  home 
movies  on  the  video  tape  cassettes.  Thus,  a  VTR  war 
for  consumers’  hearts  appears  to  he  shaping  up  between 
the  VHS  models  and  Sony’s  Belamax  models,  the  lat¬ 
ter,  a  two-hour  video  recorder  to  be  marketed  by  the  Ze¬ 
nith  Corp,  Too  bad  that  standards  are  dissimilar. 


An  R-F  People  Finder 

The  Trakatron  “Silent  People  Finder”  by  Intersonics 
Corp..  New  York,  NY,  is  an  electronic  system  that  lo¬ 
cates  people  in  an  office  or  plant  without  paging  them. 
Each  person  has  a  transponder  and  is  assigned  a  button 
on  a  console  locator.  A  sensor  is  placed  in  certain  de¬ 
sired  areas.  When  the  console’s  button  is  pressed,  the 
or  signal  goes  throughout  the  covered  areas.  If  the 


person  sought  is  in  a  room  with  a  sensor,  his  or  her  tran¬ 
sponder  unit  responds,  whereupon  a  signal  goes  back  to 
the  console,  giving  the  location  and  telephone  extension 
(if  any).  The  inquirer  can  then  either  go  to  the  area  In¬ 
dicated  or  call  on  the  extension.  Shades  of  1984* 

Digital  Watch  Firsts 

Intertime  Corporation  has  introduced  the  latest  in  diving 
equipment,  an  Hmfenvaler  digital  watch.  Named  “Mari* 
time,"  the  watch  uses  LED's  to  display  month,  week, 
date,  hours,  minutes  and  continuous  counting  seconds. 
Activation  of  a  single  button  displays  red  numerals  de¬ 
signed  for  easy  underwater  visibility,  and  a  ratchet  be¬ 
zel  graduated  in  minutes  is  provided  for  elapsed  time 
reference.  The  housing  is  Swiss  made,  produced  from  a 
solid  block  of  stainless  steel.  It's  equipped  with  double 
“CT'  rings  to  prevent  water  leakage  and  fogging,  and  has 
been  factory  tested  to  a  depth  of  600  ft,  $250,00. 


Another  innovative  digital  watch  to  be  introduced  is  the 
"programmable  message”  model  from  the  Solid  Slate 
Products  Division  of  Hughes  Aircraft  Company.  The 
watch  module  features  a  personalized  five-word,  five- 
letter- per- word  message  programmed  by  the  wearer  and 
displayed  in  an  electronic  readout.  The  message  can  be 
changed  as  desired  by  the  user,  a  procedure  which  takes 
less  than  five  minutes.  The  five  standard  functions  of 
month,  date,  hour,  minute  and  second  are  also  included, 
with  five  LED’s  providing  the  letter,  symbol  and  num¬ 
ber  readouts,  A  spokesman  for  the  company  suggests 
that  the  watch  can  be  used  for  important  appointment 
reminders  or  medical  instructions,  among  other  applica¬ 
tions. 


Solar-Powered  Calculator 

"The  Sun  Man,”  a  new  solar  battery-powered  ealcula* 
tor  recently  introduced  by  Sharp  Electronics,  is  be¬ 
lieved  to  be  the  smallest  such  instrument  on  the  market. 
With  dimensions  of  0.35"  thin  x  2.6J'wide  x  7,5"  deep  (9 
mm  x  66  mm  x  109  mm),  the  solar-powered  calculator 
is  said  to  have  a  longer  life  span  than  the  ordinary  cal¬ 
culator  battery,  needing  only  two  hours  of  window  light 
to  recharge.  It  performs  six  functions,  and  uses  a  liquid 
crystal  display.  $99,95. 

Antique-Radio  Manuals 

To  assist  antique -radio  collectors  in  the  usually  frustrat¬ 
ing  search  for  technical  literature.  Supreme  Publications 
has  formed  a  department  which  will  buy  and  sell  old 
technical  data.  Original  Rider  manuals  and  old  Sams, 
Supreme,  and  many  factory  service  manuals  are  on 
hand,  some  dating  hack  to  the  20' s.  For  information 
write  to  Supreme  Publications,  1 760  Balsam  Rd.,  High¬ 
land  Park. I L  60035 


38 


POPULAR  ELECTRONICS 


HOW  TO  SAVE  HUNDREDS 
OF  DOLLARS  ON  PARTS. 

PAINLESSLY 


At  CSC,  we’ve  developed  a  family  of  ingenious  Design  Mate™  test 
equipment  that  gives  you  professional  quality  and  precision 
at  very  unprofessional  prices.  Each  unit  can  save  you 

money— and  time— in  a  number  of  interesting  ways. 
For  more  information  on  these,  or  any  other 

CSC  products,  see  your  dealer  or  write 
for  our  catalog  and  distributor  list. 


SAVE  MONEY  AND  TIME 
WITH  DESIGN  MATE  1 

This  precision  all-in-one  unit 
combines  a  solderless  plug-in 
breadboarding  system  with  a 
built-in  better-than-1%- regulated 
variable  5-15V  supply  and 
0-1 5V  voltmeter  Gives  you 
everything  you  need  to  design 
and  test  circuits  faster  than 
you  ever  could  before. 

Saves  money  by  eliminating 
lead  damage  and  heat 
damage  to  components. 

Lets  you  re-use  parts  over 
and  over  again,  to  save 
even  more.  All  for  just 
$54.95? 


STRETCH  YOUR  BUDGET  FURTHER 
WITH  DESIGN  MATE  2 

Precision  function  generator  lets  you 
test  all  kinds  of  equipment,  with  1Hz- 
100kHz  signals.  Low-distortion  sine 
waves,  high-linearity  triangle  waves, 
fast-rise-time  square  waves.  Five 
decade  ranges,  accurate  to  5%  of  dial 
setting,  with  variable  lOOmV-tOV  P-P 
output  and  constant  600-ohm 
impedance.  At  $69.95?  it's  a  lot  of 
signal  for  very  little  money 


SAVE  MORE  MONEY  AND  TIME 
WITH  DESIGN  MATE  3 

Accurate  R/C  bridge  helps  you  use 
"bargain"  components.  Quickly  and 
easily  measures  resistance  10  ohms—10 
meg;  capacitance  10pF-1pF— both  in 
decade  ranges  to  within  5%  of  dial 
setting.  Simple,  2-contro!  operation  and 
positive  LED  indication  make 
measurements  in  seconds.  At  $59.95? 
it  pays  for  itself  in  no  time. 


CONTINENTAL  SPECIALTIES  CORPORATION 


EASY  DOES  IT 
44  Kendall  Streei.  Box  1942 

New  Haven,  CT  06509  •  203-624-3103  TWX:  710-465-1227 
West  Coast  olfice:  Box  7609,  San  Francisco.  CA 
94119  *  415-421-8072  TWX  910-372-7992 
Canada  Len  Finkler  Ltd  .  Ontario 
Mexico:  ELPRO.  S, A.,  Mexico  Citv  5-23-30-04 


©  1976,  Continental  Specialties  Corp 


•Manufacturer  s  suggested  list  Prices  and  specifications  subject  tochange  without  notice 
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The  9-inch  screen  of  the  CT-VM  monitor  ($1 75)  shown  here  with  Southwest's  new  CT-64  illustrates  the  terminal's  54 -character  fines,  switchabfe  control 
character  printing,  and  word  highlighting.  At  just  $500  for  both,  these  matching  units  provide  a  complete  CRT  terminal  with  full  cursor  control.  110-1200  Baud 
serial  interface ;  and  many  other  features. 


Now  $325  buys  a  64-character  terminal  kit 


Our  new  CT-64  terminal  kit  gives  you  scrolling,  full 
cursor  control.  128-character  ASCII  display  (with  both 
upper  and  lower  case),  and  two  IK  memory  pages.  It's 
usable  with  any  8-bit  computer. 

Add  our  optional  fully  assembled  12  MHz  CT-VM 
monitor  for  another  $175  and  you’ll  have  the  best  CRT 
terminal  buy  offered  anywhere. 

The  CT-64  gives  you  full  cursor  control,  home-up  and 
erase,  erase  to  end  of  line  or  end  of  frame,  cursor  on  /off, 
screen  reversal,  scroll  or  page,  solid  or  blinking  cursor, 
page  selection,  and  end-of-page  warning  beeper. 


The  CT-64’s  features  include: 

64  or  32  characters  per  line  (16  lines) 

Premium  display  with  both  upper  and  lower  case 
letters,  and  descenders  (g,  j,  etc.) 

Two  IK  pages  of  8- bit  memory 
Scrolling  or  page  mode  operation 
32  control  character  decoding 
Prints  control  characters  (selectable) 

128-character  ASCII  set 
110/220  Volt  50-60  Hz  power  supply 
Highlights  words  with  reversed  background 
Optional  9-inch  monitor  with  matching  cover  available 
Complete  with  keyboard,  power  supply,  110-1200 
Baud  serial  interface,  and  case 


Okay.  Southwest.  I  know  a  bargain  when  I  see  it. 

□  Enclosed  is  $500  lor  the  whole  works 
{CT-64  terminal  plus  12  MHz  CT-VM  monitor). 

□  Here's  $325  for  the  CT-64 

□  Send  only  data  for  now. 

O  Send  me  your  $395  MP-68  computer  kit 


□  or  BAC  # 

□  orMC#  _ 


Name  . 


City. 


-  Exp.  Date 
_  Exp.  Date 


.  Address  - 
.  Stale _ 


,ZIP_ 


Southwest  Technical  Products  Corp. 

219  W  Rhapsody  San  Anton<o,  Texas  78216 
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PROJECT 


BY  JOSEPH  A.  WEISBECKER 


PARTIV: 


Build  the  PIXIE  Graphic  Display 

Adding  one  chip  to  the  Elf  provides  complete 
video  interface  and  animated  graphics 
capability  for  less  than  $25. 


If  you  own  an  Elf  microcomputer  (see 
Popular  Electronics  August  1 976) 
or  are  planning  to  build  one  soon,  the 
addition  of  a  single  1C  and  a  handful  of 
support  components,  and  a  change  in 
the  crystal  frequency,  can  give  you  Pixie 
graphics.  The  entire  graphics  system  is 
built  into  the  new  CDP  1861  LSI  chip 
that  sells  for  less  than  520  Irom  RCA 


parts  distributors,  (A  complete  kit  is 
available;  see  Paris  List.)  The  two  other 
IC‘s  in  the  optional  add-on  system  are 
for  a  crystal  oscillator  that  allows  the 
graphics  1C  to  generate  the  correct  TV 
horizontal  and  vertical  sync  pulses 
The  photo  at  the  top  of  this  page  illus¬ 
trates  what  can  be  done  with  the  original 
256  bytes  of  memory  In  the  EH  when  the 


Pixie  graphics  system  is  added.  In  this 
article,  we  will  show  you  how  to  install 
and  program  the  Pixie  system  to  pro¬ 
duce  this  Type  of  graphics. 

Some  Details.  The  unique  Pixie 
graphics  system  employs  the  direct 
memory  access  (DMA)  capability  built 
into  the  1 802  microprocessor  in  the  Elf 


Th* 1  httniv  Elf  project  oryinatly  pubdrthed  in  the 
Anornti  197  d  issue  of  Popular  Electronics  is  shown 
tit  left  with  Pixie  components  added.  E if  II  is  a  complete 
kit  including  a  pc  hoard,  hexadecimal  keypad ,  Pixie 
graphics  components  and  expansion  hus  (see  Parts  List). 
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Fit}.  L  Memory  uikfressru 
/iiyfra  mrijijM’ff  onto  TV 
HFrieu  nr  mi  tuple  prop  rail) . 


to  work  in  conjunction  with  the  new 
graphics  1C.  This  allows  you  to  display 
any  256-byte  segment  of  memory  on  a 
CRT  monitor  or  TV  receiver  The  output 
of  the  new  chip  is  a  1-volt  composite 
video/sync  signal 

The  selected  segment  of  memory  ap- 
pears  on-screen  as  an  array  of  small 
squares  that  represent  individual  memo¬ 
ry  bits.  If  a  memory  bit  is  a  1  f  the  appro¬ 
priate  square  will  be  whiteH  white  if  a  bit 
is  a  0.  the  square  will  be  dark  Changing 
the  bit  pattern  within  the  memory  wilt 
change  ihe  partem  that  appears  on¬ 
screen.  You  can  store  several  different 
bit  patterns  (pictures)  in  memory  and, 


TABLE  1— TEST  PROGRAM 


Label 

M 

Bytes 

Comments 

Stan 

0000 

90  Bl  B2 

Rf  i,R2  1  00 

0003 

B384 

R3  0.R4  0  00 

0005 

F8  2D  A3 

R3  0  (mam) 

0008 

F83FA2 

R2  0  (stack} 

oooa 

F6  11  A1 

R10  (interrupt) 

O00E 

D3 

P  3  (go  to  main) 

Return 

000 F 

72 

restore  D,  R2  - 1 

ooio 

70 

restore  XP,R2  *  1 

Interrupt 

001 1 

22  78 

R2-1 ,  save  XP  ft*  M2 

0013 

22  52 

R2-T  save  D  (<*  M2 

0015 

0018 

C4  C4  CJ 
F8Q0B0 

no-op  (9  cycles) 

001 B 

F8  00  A0 

R0  0000(refresh  ptr) 

Hetresh 

001E 

80  E2 

D  RO.O 

8  DMA  cycles  (R0 -8) 

0020 

E2  20  A0 

R0  1,R0.0  D 

8  DMA  cycles  (R0 -8) 

0023 

£2  20  A0 

RO-1.RO.O  D 

8  DMA  cydes  (R0  -  8) 

0026 

E2  20  A0 

— 

RO  t.ROO  D 

8  DMA  cycles  (R0  *8) 

0029 

3C  •  E 

go  to  refresh  (EFl  0) 

002 B 

30  OF 

go  to  return  (£Fi  1} 

Main 

002 D 

E2  69 

X  2,  turn  TV  on 

002F 

3F  2F 

wait  for  IN  pressed 

0031 

6C  A4 

seLMX,D,R4  0  toggles 

0033 

37  33 

wait  for  IN  released 

0035 

3F  35 

wait  for  IN  pressed 

0037 

6C 

sei  MX,D  toggles 

0038 

54  14 

set  M4  D,  R4  ■  1 

003 A  , 

30  33 

go  to  M33 

PIXIE 

ANIMATION 

PROGRAM 


BY  EDWARD  C.  DEVEAUX 

THE  PROGRAM  given  here  can  be 
used  with  the  Pixie  version  of  the 
Elf  microcomputer  to  create  animation 
graphics  using  only  the  original  256 
bytes  of  memory.  The  interrupt  routine 
uses  the  same  timing  as  described  in 
previous  Elf  articles.  However,  a 
counter  has  been  added  to  this  rou¬ 
tine,  and  we  load  the  refresh  address 
into  RO  from  R4.  The  main  tine  of  the 
program  has  been  completely  rewrit¬ 
ten  and  contains  shift,  roll,  and  input 
switch  read  routines 
The  shift  routine  shifts  16  lines  of 
the  display  to  the  right  one  bit  at  a 
time,  bits  shifted  off  the  rightmost  byle 
are  shifted  back  onto  the  display  in  the 


LOC  COSMAC  CODE  LNNO  SOURCE  LIRE 


1  *  t  AN  1802  ANIMATION  PROGRAM  by  E,  DEVEAUX 

2 

78  3  BEGSET*#78  . ,  ADDRESS  OF  FIRST  LINE  SHIFTED. 


4 

,  , 

5 

..  THIS  PROGRAM  PROVIDES  VARIABLE  SPEED 

6 

. ,  ANIMATION  OF  THE  IMAGE  LOCATED  AT  #78  ct> 

1 

.  .  #P7  IN  MEMORY. 

8 

*.  SPEED  CONTROL  IS  PROVIDED  BY  INPUT  SWITCHES  * 

00 

90 

9 

GHI  R0  *  .ZERO  HIGH  ORDER  OF 

01 

Bl 

10 

PHI  R1  .  .R1  K2  R3* 

02 

B2 

11 

PHI  R2 

03 

B3 

12 

PHI  R3 

04 

84 

13 

PHI  R4  *  *R4  POINTS  TO  REFRESH 

05 

A* 

14 

PLO  K4  ADDRESS 

06 

P816 

15 

LDI  A,  Q{ INTRFT ) 

08 

Al 

16 

PLO  ftl 

09 

F813 

V 

LDI  A* 0( STACK) 

0B 

A2 

18 

PLO  R2 

oc 

P831 

19 

LDI  A,Q(HAIN) 

0  E 

A3 

20 

FLO  R3 

OF 

D3 

21 

SEP  R3  ,,GO  TO  MAUI  LIRE 

10 

C1020300 

22 

0C#O 1020 300  « .STACK  AREA" 

13 

23 

STACK  «*-l 

24 

m  * 

25 

. .THIS  PROG RAH  USES  A  MODIFIED  VERSION 

26 

..OF  THE  INTERRUPT  ROUTINE  THAT  APPEARED 

27 

..IN  COSMAC  ELF  PART  4. 

28 

29 

!!a  SHIFT  ROUTINE  HAS  BEEN  ADDED  THAT  MOVES  THE 

30 

.  .  STaRSHIF  from  left  TO  RIGHT  ACROSS  THE  CRT. 

31 

14 

72 

32 

RETURNi LDXA 

15 

70 

33 

RET  .  .CYCLES 

16 

22 

35 

INTRPTiDEC  R2  .,2 

17 

78 

36 

SAV  ,,4  R5  COUNTS  REFRESH 

18 

22 

37 

DEC  R2  ..6  CYCLES,  USED  TO 

19 

52 

3B 

STR  K2  ,  .8  DETERMINE  WHEN  TO 

1A 

15 

39 

INC  ft  5  ,,10  SHIFT  /ROLL, 

IB 

C4 

40 

NOP  ,,n 

1C 

94 

41 

GHI  R4  p  ,15  R4  TO  R0 

42 


POPULAR  ELECTRONICS 


using  software,  display  Ihem  succes¬ 
sively  onscreen  to  produce  animation  ef¬ 
fects.  Low- resolution  alphanumerics  can 
also  be  created 

Since  the  basic  Elf  has  only  256  bytes 
of  memory,  we  will  show  how  to  display 
the  entire  memory  on  the  screen.  The 
memory  is  mapped  as  shown  in  Fig,  1, 
m  an  array  of  64  spots  wide  (eight  bytes 
with  eight  bds/byte)  by  32  spots  high  to 
make  a  total  of  256  bytes 

The  byle  at  M(DOOO)  is  displayed  at 
the  upper-left  of  the  screen;  each  row  on 
the  screen  is  equivalent  to  eight  memory 
bytes.  Byte  M(OOFF)  appears  at  the  bot¬ 
tom-right  of  the  screen. 

Circuit  Operation.  The  entire  sche¬ 
matic  diagram  for  the  Pixie  graphics  dis¬ 
play  system  is  shown  in  Fig.  2A.  It  con¬ 
sists  of  five  components;  the  1861  chip, 
a  phono  jack  for  the  video  output,  and 
three  resistors  The  circuit  shown  in  Fig 
2B  may  be  used  to  replace  the  original 
crystal  used  in  the  Elf  microcomputer. 
This  is  necessary  because,  to  use  Ihe 
graphics  display,  the  original  crystal  fre¬ 
quency  must  be  changed  to  approxi¬ 
mately  1  760640  MHz  to  generate  the 
correct  TV  horizontal  and  vertical  sync 
pulses.  Crystals  of  this  frequency  may 
be  expensive  The  Fig.  2B  circuit  uses  a 


Ngh-order  position  of  the  first  byte  on 
the  line. 

The  32  tines  of  the  display  can  be 
moved  up  one  line  by  incrementing 
the  starting  refresh  address  by  eight 
between  refresh  cycles.  Decrement¬ 
ing  register  4  (R4)  allows  the  display 
to  be  rolled  down  Hence,  varying  the 
frequency  of  shifts  or  rolls  varies  the 
animation  speed  of  the  displayed  im¬ 
age. 

Control  of  the  speed  is  via  the  Elf  s 
conventional  input  switches.  Setting 
all  switches  to  zero  and  depressing 
the  input  pushbutton  causes  a  hex  00 
to  be  read  into  location  13  (stack),  in 
which  case,  there  will  be  no  move¬ 
ment  of  the  displayed  image,  Loading 
any  nonzero  bit  through  the  input 
switches  will  animate  the  image  Any 
bits  loaded  are  compared  to  the  bits  in 
the  low-order  byte  of  register  5  (R5).  A 
shift  or  roll  routine  is  initiated  whenev¬ 
er  there  is  a  match  between  Ihe  bits  of 
the  low-order  byte  of  R5  and  the  bits 
in  the  byle  read  into  location  13.  Reg¬ 
ister  5  is  used  to  count  the  refresh  cy¬ 
cles  and  is  incremented  by  one  every 
interrupt  cycle. 


“PIXIE”  PARTS  LIST 

C I  -- 1 30-pF  Jrv  I'iipavitnr 
1C  I— CRI1  !*i>|  ^licMClRC'Aj 
I C2  74|_tXt  tou  power  i|u.nl  2  input  NAND 
gate  1C 

tO  -7474  dual -DlLp-flnp  K 
D  Phi  inn  j+K  k 


IB)  ” 

Fit}.  2 ,  Video  display  ch  ip 
connect  ions  ti  re  sin uv n  a  t  (A), 
Optional  circuit  to  replace 
a  r  i  g  inul  F  If  cry  x  t  a  l  is  at  (B). 

All  resistors  ta-wuit,  10*3-  tolerant 
R ! ,  Rb —  1 1 1  .t  X XI  ohms 
R2— 2000  ohms 

ft  3  —tOQTi  ohms 
170  ohms 

XTAL — 3. 5R-MHz  crystal 
Mi>c  Primed  circuit  or  perforated  bnard:  1C 
sockets  tone  24- pm.  twn  1 4- pin):  spacers: 
machine  hardware.  Wkup  wire  solder:  eie 
Note  The  following  are  available  from  Ne- 
iromcs.  333  Liichfteld  Rd  ,  New  Mil  ford. 
CN  06776:  kit  including  .ill  of  above  Pixie 
components  except  them'  under  J,Misc.'*  at 
S24.95;  complete  Elf  U  kit  ( basic  Elf  plus 
Pixie  components  and  hexadecimal  key¬ 
board  h  including  pc  board.  keyboard  sup^ 
port  IC's  and  expansion  bus  ai  $99  95,  plus 
S3  HO  shipping  Connecticut  residents,  add 
7*3  %ales  las 


ID 

B0 

42 

PrtL 

RO 

4.17  REFRESH  ADDRESS 

IE 

84 

43 

GLQ 

R4 

*  *  19 

IF 

AO 

44 

PLO 

RO 

,.21 

45 

• « 

20 

80 

46 

GLO 

R0 

.  *23 

21 

so 

47 

CLO 

R0 

*25 

22 

80 

48 

REFRESHiGLO 

R0 

**  27 

23 

£2 

49 

SEX 

R2 

.,29  8  DMA  CYCLES 

50 

•  t 

26 

£2 

51 

SEX 

R2 

4  * 

25 

20 

52 

DEC 

RO 

26 

AO 

53 

PLO 

R0 

..  8  DKA  CYCLES 

54 

*  • 

27 

E2 

55 

SEX 

R2 

28 

20 

56 

DEC 

R0 

29 

A0 

57 

PLO 

R0 

**  8  DMA  CYCLES 

58 

«  * 

2A 

£2 

59 

SEX 

R2 

2B 

20 

60 

DEC 

R0 

20 

AO 

61 

PLO 

R0 

..  6  DMA  CYCLES 

62 

r , 

2D 

3C22 

63 

BHI 

REFRESH 

»•  ON  EF1  REFRESH 

2F 

3016 

66 

BR 

RETURN 

,,  IS  OVER. 

3! 

£2 

65 

HA I Hi  SEX 

RZ 

. ,  RX-2 

32 

69 

66 

INF 

1 

a*  TELL  1861  TO 

67 

.4*  TURN  ON  CRT* 

68 

..SPREAD  READS  INPUT  SUITCHESTO  CONTROL 

69 

*  .SPEED  OF  SHIFTS/ROLLS. 

70 

..INPUT  SWITCH  IS  STORED  AT 

STACK  HCR2), 

71 

„  f 

72 

,  .INITIAL  VALUE  OF 

STACK  IS 

ZERO  Aim  THERE  IS 

73 

, .  HO  MOVEMENT  OF  STAR  SHIP 

UNTIL  A  NON  ZERO  BIT 

74 

..IS  INPUT. 

33 

3F38 

75 

SFREADi  BN4 

CKSHif 

,  ,  IF  NO  INPUT  GO  SEE 

35 

3735 

76 

WTREAD  i  84 

WTREAD 

.  IF  TIKE  TO  SHIFT. 

37 

6C 

77 

INP 

4 

.  READ  INTO  STAC1C. 

78 

t  , 

*  1 

38 

85 

79 

CKSHIFiGLO 

R5 

GHI  R5  VARY/SPEED 

39 

F2 

80 

AND 

* .  OF  STAR  SHIP. 

3A 

3233 

81 

&z 

SPREAD 

SHIFT /ROLL  BIT  HATCH 

3C 

F800 

82 

LD1 

A.i(flaGSPT)  i  .  BR  ROLL  3061 

3E 

89 

83 

PHI 

R9 

..ROLL  NO  SHIFT. 

JULY  1977 
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readily  available  3,58-MHz  col  or- TV 
crystal  and  frequency  divider  to  gener¬ 
ate  1,789773  MHz,  which  is  close 
enough  for  the  1861  chip  to  perform 
properly. 

The  1861  chip  uses  the  same  clock  as 
the  1802  \lP  chip  to  trigger  internal 
counters  to  provide  the  TV-like  compos¬ 
ite  sync  at  pin  6.  The  graphics  display  is 
directly  refreshed  from  the  memory  60 
times  each  second,  accomplished  by  an 
interrupt  request  sent  to  the  1802  at  the 
same  rate. 

When  the  1 802  receives  the  interrupt 
request,  it  temporarily  stops  the  program 
it  is  executing  and  immediately 
branches  to  the  interrupt  routine  previ- 
ously  stored  in  memory.  This  branch  oc¬ 
curs  when  P  is  automatically  set  to  1  and 
X  is  set  to  2.  The  interrupt  routine  pro¬ 
gram  counter  is  always  Rl,  which  must 
be  set  to  the  address  of  the  interrupt  rou¬ 
tine  before  the  1861  is  activated  and 
starts  sending  interrupts  to  the  1802.  A 
pulse  from  NO  is  sent  to  pin  10  of  the 
1861,  permitting  this  chip  to  start  send¬ 
ing  interrupts,  A  69  instruction  can  be 
used  to  generate  the  1861  activation 
pulse.  The  1861  is  always  turned  off 


when  the  Elf  is  stopped  with  the  run 
switch  down. 

In  the  program  shown  in  Table  I,  Rl  is 
set  to  the  address  of  the  interrupt  routine 
at  M(001 1  >+  R2  is  set  to  the  address  of 
the  work  area  {or  stack)  used  subse¬ 
quently  for  byte  storage,  R3  is  set  to  the 
main  program  starling  at  M(002D),  and 
setting  P-3  causes  a  branch  to 
M(002D)  with  R3  as  the  program  coun¬ 
ter,  The  main  program  permits  entry  of 
the  bytes  al  any  time  via  the  Elf s  toggle 
switches.  This  permits  you  to  see  what 
Is  happening  to  the  CRT  screen  as 
memory  bytes  are  changed.  The  pro¬ 
gram  loops  on  itself  until  an  interrupt  sig¬ 
nal  is  generated  by  the  1861,  activated 
by  the  69  instruction  at  M(002E), 

Exactly  29  machine  cycles  after  the 
initiation  of  the  interrupt  routine,  the 
1861  requests  eight  sequential  memory 
bytes  by  pulling  down  the  DMA-OUT 
(pin-2)  request  line  for  eight  bytes  (eight 
machine  cycles).  This  automatically 
causes  eight  memory  bytes,  addressed 
by  R0.  to  be  sequentially  fetched  and 
transferred  to  the  1861  via  the  data  bus 
Note  that  the  C4  instructions  at  M(001 5) 
are  special  no-op  instructions  that  re- 


T ABLE  H^SPACESHIP  PROGRAM 


M  j  Byte  Sequence 


0040 

00 

00 

00 

00 

00 

00 

00 

00 

0048 

00 

00 

00 

00 

00 

00 

00 

00 

0050 

7B 

DE  DB 

DE 

00 

00 

00 

00 

0058 

4A 

50 

DA 

52 

00 

00 

00 

00 

0060 

<42 

5E 

AB 

DO 

00 

00 

00 

00 

0068 

4A 

42 

8A 

52 

00 

OO 

00 

00 

0070 

7B 

DE 

8A 

5E 

00 

00 

00 

00 

0078 

00 

00 

00 

00 

00 

00 

00 

00 

0080 

00 

OO 

00 

00 

00 

00 

07 

EO 

0088 

00 

00 

00 

00 

FF 

FF 

FF 

FF 

0090 

oo 

06 

00 

01 

00 

00 

00 

01 

0098 

00 

7F 

EG 

01 

00 

00 

00 

02 

G0A0 

7F 

CO 

3F 

E0 

FC 

FF 

FF 

FE 

00A8 

40 

OF 

00 

10 

04 

80 

00 

00 

O0B0 

7F 

CO 

3F 

E0 

04 

80 

00 

00 

OOB8 

00 

3F 

DO 

40 

04 

SO 

GO 

00 

ooco 

00 

OF 

08 

20 

04 

BO 

7A 

IE 

00C8 

00 

00 

07 

90 

04 

80 

42 

10 

00D0 

00 

00 

18 

7F 

FC 

F0 

72 

1C 

0GD8 

00 

00 

30 

00 

00 

10 

42 

10 

00  E0 

00 

00 

73 

FC 

00 

10 

7B 

DO 

DOES 

00 

00 

30 

00 

3F 

FO 

00 

00 

00FQ 

00 

00 

18 

OF 

CO 

00 

00 

00 

OOFS 

00 

00 

07 

F0 

00 

00 

00 

00 

3F 

F878 

84 

LDL  A*  G(BEGSFT  J 

M 

A9 

85 

PLQ  R9 

,  .ft 9 -FIRST  LINE 

42 

F810 

86 

LDL  16 

»  TO  SHIFT <. 

44 

*6 

87 

PLO  R6 

* .SHIFT  16  LINES* 

45 

99 

88 

NXTUNEi  GHI  R9 

46 

BA 

89 

PHI  RA 

..SAVE  ADDRESS  OF  Ur 

47 

89 

90 

GLO  R9 

..ON  LINE  IN  RA 

48 

AA 

91 

PLO  RA 

49 

F607 

92 

LDI  7 

..R7»BYT£S  TO  SHIFT-1, 

4fi 

A? 

93 

PLO  R7 

4C 

09 

94 

LDN  R9 

ad 

16 

95 

PHI  Rfl 

. i SAVE  1ST  BYTE  ON 

4£ 

76 

96 

SHRC 

. i LINE  IN  R8, 1 

4F 

19 

97 

KXTBYTi INC 

19 

..POINT  R9  TO  NEXT  BYTE, 

50 

09 

98 

LDN 

R9 

< . LOAD  NEXT  BYTE. 

51 

76 

99 

SHKC 

..SHIFT  RIGHT, 

52 

59 

100 

STR 

R9 

..STORE  BYTE 

53 

27 

101 

DEC 

R7 

54 

87 

102 

GLO 

R7 

..CHECK  IF  ALL  BYTES 

55 

3A4P 

103 

BNZ 

KXTBYT 

..SHIFTED. 

57 

98 

104 

CHI 

18 

•  .PUT  BIT  0  of  8TH 

58 

76 

105 

SHRC 

..BYT  ON  BIT  7  OF 

59 

5* 

106 

STR 

RA 

.-1ST  BYT  ON  LINE. 

5A 

19 

107 

INC 

R9 

..R9**BYTE  0  NXT  LINE. 

5B 

26 

108 

DEC 

R6 

50 

86 

109 

GLO 

A6 

..CHECK  IF  16  LINES 

5D 

3*45 

HO 

BNZ 

NXTLNE 

.  .SHIFTED  . 

5F 

3033 

111 

BR 

SPREAD 

..SKP  38  ROLL  AND  SHIFT 

61 

84 

112 

ROLL  i  GLO 

R4 

..INOROfEHl  R4  ONE  LINE 

62 

PC  08 

113 

ADI 

a 

. .ROLL  SCREEN  UP. 

64 

A4 

114 

PLO 

RA 

65 

94 

115 

GHI 

R4 

..CHANGE  LN NO  116  TO 

66 

F8Q0 

116 

LDI 

00 

,.ADC1  0  7C00  IF  MORE 

68 

B4 

117 

PHI 

R4 

..THAN  256  BYTES, 

69 

3233 

118 

3Z 

SPREAD 

68 

84 

119 

GLO 

R4 

6C 

BA 

120 

PHI 

R4 

6D 

3033 

121 

BR 

SPREAD 

6P 

00 

122 

DC 

#00 

123 

. m ENTER 

IMAGE  TO  BE  SHIFTED 

>  IN  LOCATIONS 

124 

*  ,X'  78  f 

*  ^*£7* 

125 

E3D 

The  numbers  in  the  program  flow 
chart  (right)  refer  to  the  line  numbers 
in  the  program  The  program  can  be 
set  up  to  shift  or  roll,  or  shift  and  roil. 
The  program  is  loaded  info  locations 
78  through  F7t  (Try  using  the  program 
for  the  starship  shown  tn  Table  II  of 
the  Pixie  article  )  Only  the  data  loaded 
into  78  through  F7  is  shifted,  but  the 
entire  area  from  00  through  FF  is 
rolled 

Loading  the  program  exactly  as  it  is 
listed  here  will  enable  the  shift  routine 
only.  Loading  a  38  (SKP  instruction)  in 
location  5F  (line  111)  will  enable  both 
shift  and  roll  routines.  Loading  30  61 
(BR  ROLL)  in  locations  3C  and  3D 
(line  82)  will  enable  only  the  roll  rou¬ 
tine. 

After  loading  and  running  the  pro¬ 
gram,  animation  of  the  display  will  be¬ 
gin  after  any  nonzero  byte  is  loaded 
via  the  input  switches  and  operation 
of  the  input  pushbutton.  By  varying 
the  input  bit  pattern,  you  can  control 
the  speed  of  the  animation. 

If  you  have  never  seen  a  stack  in 
"motion"  when  a  program  is  running, 
take  a  look  at  displayed  location  13. 
Then  vary  the  speed.  O 
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TAQLf  X 
- MtOOiOi 

- I 

BY 

- — 1  »l - 

DIGIT 

7  6  5  A 

II  — 
TE 

— Z* 
DiC 

3  2 

BYTE 

In 

1  0 

DIGIT 

7  6  5  4 

DIGIT 

3  2  i  O 

- iHOOSm 

M  too  SO) 

Mtooeei 

MfQOTO) 

o  y  r  i 

*  o  p  r 

1  f  O  1 
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Fig.  3.  Diagram  showing  how  to  create  your  own  display. 
This  one  is  for  parts  of  five  tines  o f  Spaceship  Program, 


quire  three  cycles  for  each  execution. 
These  are  used  only  to  provide  the  delay 
required  between  the  beginning  of  the 
interrupt  routine  and  the  first  eight-byte 
DMA  request  generated  by  the  1 861  dis¬ 
play  circuits. 

Each  of  the  eight  display  refresh  bytes 
requested  by  the  1861  is  internally  con¬ 
verted  to  a  bit  serial  form  and  used  to 
provide  the  luminance  (brightness) 
pulses  that  come  out  of  the  1861  at  pin 
7.  The  actual  raster  display  consists  of 
262  horizontal  lines  for  each  frame,  and 
there  are  60  frames  per  second.  Each 


display  spot  is  four  raster  lines  high, 
which  means  that  each  eight-byte  dis¬ 
play  row  must  be  repeated  four  times. 
With  the  interrupt  routine,  RO  is  initially 
set  to  M(QOOO),  which  means  that  the 
first  DMA  request  causes  the  eight  bytes 
from  M(0000)  to  M(0007)  to  be  fetched 
and  displayed.  The  time  of  each  raster 
line  is  exactly  1 4  machine  cycles  to  per¬ 
mit  the  transfer  of  eight  bytes  {eight  cy¬ 
cles)  plus  the  execution  of  three  two- 
cycle  instructions  during  each  raster  line 
time.  Following  the  eight  DMA  cycles  re¬ 
quired  to  refresh  the  first  eight  bytes.  RO 


is  restored  to  its  original  value  so  that  it 
remains  pointing  at  the  same  eight 
bytes. 

The  E2  20  AO  instructions  at  M(0020), 
M{0023),  and  M(0Q26)  are  used  to  occu¬ 
py  six  machine  cycles  between  the  DMA 
requests  and  to  restore  RO  to  its  initial 
value  before  incrementing  it  by  eight 
during  the  eight-byte  DMA  request.  The 
20  instruction  decrements  R0.1  back  to 
its  initial  value  if  a  256-byte  page  bound¬ 
ary  was  crossed  during  the  preceding 
eight  DMA  cycles. 

After  the  first  group  of  eight  bytes  has 
been  displayed  for  four  raster  line  times* 
RO  is  permitted  to  advance  to  the  next 
group  of  eight  bytes  to  be  displayed 
This  process  is  continued  until  32 
groups  of  eight  bytes  each  (256  total) 
have  been  displayed.  At  this  time,  the 
circuits  in  the  1861  chip  cause  line 
EFt  -1  (at  pin  9)  and  the  interrupt  rou¬ 
tine  terminates. 

Other  Considerations,  The  raster 
refresh  involves  the  display  of  32  groups 
of  eight  bytes,  and  each  row  of  eight 
bytes  is  repeated  on  four  raster  line 
scans.  This  means  that  the  display  re^ 
fresh  ties  up  the  1802  p.P  for  slightly 
more  than  128  raster  lines  (32  x  4). 
Since  there  are  262  raster  lines  per 
frame,  the  spends  about  50%  of  its 
time  performing  the  display-refresh 
function. 

Since  the  1802  and  1861  docks  must 
remain  synchronized,  none  of  the  three- 
cycle  instructions  described  in  the 
1 802's  user's  manual  should  be  used  in 
programs  that  run  concurrently  with  this 
display  .  The  only  exception  is  the  use  of 
the  C4  instruction  in  the  interrupt  rou¬ 
tine. 

The  sample  program  given  in  Table  I 
was  designed  to  run  in  expanded-mem- 
ory  systems  as  well  as  in  the  basic  256- 
byte  Elf.  In  the  expanded  system*  just 
change  the  bytes  at  M(0019)  and 
M(001C)  so  that  R0  initially  points  to  any 
256-byte  segment  of  the  memory  you 
wish  to  display  on  the  raster.  You  can 
write  any  other  main  program  to  run  con¬ 
currently  with  this  interrupt  routine. 

The  1861  chip  can  also  be  used  to 
display  any  number  of  memory  bytes 
from  eight  to  1 024  by  rewriting  the  inter¬ 
rupt  routine.  For  example,  change  the 
byte  at  M{0024)  from  20  to  80,  and  you 
will  see  512  bytes  displayed  on  the  CRT 
screen  as  64  spots  horizontally  by  64 
spots  vertically.  If  you  have  only  256 
bytes  of  memory  in  your  system,  you  will 
see  the  same  256  bytes  repeated  twice 
on  the  screen.  When  displaying  512 
bytes,  each  spot  represents  half  the 
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height  of  those  displayed  when  256 
bytes  are  displayed. 

One  of  the  main  advantages  of  map¬ 
ping  main  memory  directly  into  the  moni¬ 
tor  or  TV  raster  is  the  ability  to  manipu¬ 
late  the  display  using  the  normal  instruc¬ 
tion  set.  In  systems  that  employ  an  ex¬ 
ternal  frame  buffer  for  refresh,  special¬ 
ized  instructions  are  required  to  change 
buffer  contents.  The  buffer  memory  also 
costs  more  money.  With  the  refresh 
buffer  approach  toward  animation,  you 
must  store  two  picture  patterns  in  mem¬ 
ory  and  alternately  transfer  them  to  the 
buffer  memory.  Using  the  Pixie  graphics 
display  described  here,  you  store  the 
same  two-picture  patterns  in  memory 
but  you  need  only  change  the  initial  val¬ 
ue  of  RO  to  alternately  display  them.  Not 
only  do  you  save  the  cost  of  a  refresh 
buffer,  you  can  greatly  simplify  the  pro¬ 
gramming. 

Construction.  The  Pixie  circuit 
can  be  mounted  on  the  original  Elf  board 
by  relocating  the  crystal  and  two  capaci¬ 
tors  to  the  center  of  the  board.  Now,  the 
1861  1C  goes  on  the  upper  left  of  the 
board,  the  resistors  on  the  bottom  of  the 
board,  and  the  output  jack  on  the  rear 
apron  of  the  chassis. 


Remove  the  crystal  from  the  Elf  and 
wire  the  Fig.  2B  frequency  divider  to  pin 
1  of  the  1802  \l.P>  Then  interconnect  the 
two  boards  exactly  as  shown  in  Fig.  2A 
and  B,  including  the  power  lines.  Jack  J1 
can  be  mounted  on  a  small  metal  brack¬ 
et  and  secured  to  the  add-on  board  with 
No.  4  machine  hardware.  Also,  mount 
R1  and  R2  on  the  add-on  board  via 
“flea"  clips  because  they  may  have  to 
be  changed  for  different-value  resistors 
to  suit  the  modulation  requirements  of 
the  particular  monitor  you  are  using. 

Sample  Display  Program.  To  test 
the  Pixie,  load  the  program  given  in  Ta¬ 
ble  I,  starting  at  location  M(0000).  When 
this  program  is  run,  a  random  spot  pat¬ 
tern  should  be  displayed  on-screen.  At 
this  time,  you  may  have  to  alter  the  val¬ 
ues  offif  and  R2  to  produce  a  tight  sync 
lock  and  the  desired  modulation  level  of 
the  spots.  These  are  only  level-adjust 
resistors  and  play  no  role  in  the  actual 
sync  or  video  production.  The  displayed 
pattern  represents  whatever  is  stored  in 
the  Elf’s  memory.  The  top  eight  rows 
represent  the  program  given  in  Table  I. 

You  can  familiarize  yourself  with  the 
new  graphics  ability  of  your  computer  if 
you  visualize  a  grid  of  64  boxes  wide  by 


32  boxes  deep,  assuming  a  256-byte 
memory.  Bear  in  mind  that  the  operating 
program  given  in  Table  I  occupies  the 
top  eight  lines.  Since  the  program  ends 
at  memory  location  M(003B)r  load  00 
into  memory  location  M(003F)  to  com¬ 
plete  that  line. 

Now*  to  display  the  spacecraft  shown 
in  the  lead  photo,  load  the  programs  giv¬ 
en  in  Tables  l  and  II  in  that  order,  start¬ 
ing  the  Table  II  program  at  memory  loca¬ 
tion  M{0040).  Reset  and  switch  to  RUN. 

If  you  wish  to  create  your  own  display, 
Fig.  3  illustrates  how  to  arrive  at  the  cor¬ 
rect  hex  digits.  (In  this  case,  the  exam¬ 
ple  used  is  for  a  small  area  of  the  pro¬ 
gram  in  Table  II.)  Use  graph  paper  to 
‘draw”  your  picture,  shading  in  the 
“spots”  you  want  to  be  white  on  the  CRT 
screen.  Then  transfer  the  line  bit  pattern 
into  the  eight  hex  bytes  per  line  as 
shown  in  Fig.  3. 

Conclusion.  The  Pixie  system  de¬ 
scribed  here  adds  video  graphics  to  your 
Elf  microcomputer  at  very  low  cost.  So 
far,  we  have  described  how  the  Pixie 
system  can  be  used  to  put  simple,  sta¬ 
tionary  images  on-screen.  Accompany¬ 
ing  this  artide  is  a  program  that  will  put 
the  graphics  in  motion.  O 


Electronic  "Bell"  for  a  TVT-II 

Lets  you  know  when  you  are  near  the  end 
of  a  line  on  a  TV  typewriter. 

BY  DENNIS  J.  DEUTSCH 


Here  is  an  add-on  circuit  for  the  com¬ 
puter  hobbyist  that  will  give  his  set¬ 
up  the  effect  of  a  bell  ringing  near  the 
end  of  a  line  as  it  does  on  a  typewriter. 
The  circuit,  as  shown  in  the  diagram,  is 
for  use  with  fhe  Southwest  Technical 
Products  CT-1024  TVT-II  terminal. 

The  CT-1024  produces  32  characters 
per  line,  for  which  access  is  required  to 
bits  1*  2*  4,  8,  and  16  on  the  CT-1024, 
These  are  located  at  IC35  and  IC42. 

The  circuit  as  shown  is  set  up  to  pro¬ 
duce  the  tone  on  character  27.  (Bit  4  is 
inverted  in  the  7404  1C  so  that  it  is 
“NOT‘ed\)  The  character  number  trap 
consists  of  an  8-input  NANO  gate  in  the 
7430  and  the  single  inverter  {which  can 
be  a  single  transistor  if  desired).  If  you 
want  to  stay  at  character  27,  eliminate 
the  inverter  and  bit  4. 


Once  the  character  is  counted,  the  re¬ 
sulting  pulse  turns  on  the  74121  one- 
shot  for  a  short  period  of  time.  The  tim¬ 
ing  values  of  the  one-shot  can  be  altered 
by  changing  the  circuit's  time  constant. 


The  one-shot  triggers  a  555  timer  used 
as  a  tone  generator  to  drive  a  small  8- 
ohm  speaker.  To  alter  the  tone,  change 
the  value  of  the  capacitor  between  pin  6 
of  the  555  and  ground,  O 
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BUILD  THIS  TUT-6 


*  S 

*  YOUR  SOFTWARE  CONTROL  CAN  * 

*  INCLUDE  INTERLACE.  SCROLLING,* 

*  *  A  FULL  PERFORHAHCE  CURSOR.  S 

*  S 

*  UP  TO  4096  SHARP  CHARACTERS  * 


*  ON  THE  SCREEN  IN  LESS  THAN  * 

*  THREE  HECAHERTZ  TU  BAHOUIOTH  * 
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Build  the  TVT-B= 
A  Low-Cost 
DIRECT  VIDEO 
DISPLAY 

$35 microcomputer  “add-on" provides: 

•  User-selectable  line  lengths 

•  Scrolling 

•  Up  to  4k  on-screen 
characters  with  only 
3- MHz  bandwidth 

BY  DON  LANCASTER 


Thanks  to  some  software  tricks*  a 
simple  and  iow-cost  add-on  circuit, 
and  a  new  way  to  speed  up  a  micro¬ 
processor,  you  can  now  build  a  video  in¬ 
terface  for  your  microcomputer  for  an  in¬ 
vestment  of  only  $20  to  $35,  The  TVT-6 
video  system  described  here  permits  the 
choree  of  virtually  any  format  includtng 
16/32  (16  lines  of  32  characters)  16/64, 
or  32/64.  It  also  features  full  editing  ca* 
pability  and  full-performance  cursor. 

In  spite  of  its  simplicity  (10  low-cost 
IC's),  the  circuit  employs  a  new  ap¬ 
proach  to  video  processing  that  permits 
up  to  4000  characters  to  be  displayed 
on-screen  within  a  3-MH2  bandwidth.  Al¬ 
though  the  TVT-6  was  designed  for  the 
6502  microprocessor  based  KIM*1 .  soft¬ 
ware  can  be  used  to  easily  map  into  the 
JOLT,  ESKA,  or  Ohio  Scientific  mi¬ 
crocomputers.  In  addition*  the  TVT-6 
can  be  adapted  to  other  microproces¬ 
sors*  including  the  popular  6600*  8080* 
and  ZBO,  It  is  easiest  to  use  with  16- 
address-line  systems  that  operate  on  a 
single  5-volt  supply  and  1  -p.s  cycle  time 
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display  memory  is  csi 
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♦ -401 1  (ICS) 
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Fig *  2.  Parallel  outputs 
from  character  generator 
IC7  are  converted  ififco 
serial  data  in  ICS . 

Parts  of  IC5  and  ICG 
form  gating  circuits. 


Other  systems  will  require  software  and 
microprogramming  translation  for  their 
particular  machine  languages. 

In  this  first  of  a  two-part  article,  we  will 
cover  the  hardware  and  construction  de¬ 
tails  tor  the  TVT-6.  Next  month,  we  will 
cover  debugging,  some  useful  software 
for  the  system,  and  provide  instructions 
on  how  to  couple  the  TVT-6  to  other  mi¬ 
croprocessors. 

Circuit  Operation.  A  block  diagram 
of  the  TVT-6,  as  used  with  the  KiM-1 
system,  is  shown  in  Fig.  1 .  The  complete 
schematic  diagram  of  the  video  system 
is  shown  in  Figs.  2  through  4, 

As  shown  in  Fig.  1 ,  bits  4>  through  6 
from  the  “upstream  tap"  on  the  KIM  dis¬ 
play  memory  drive  character  generator 
IC7  whose  blanking  and  formatting  are 
helped  along  by  the  AND  gates  in  ICG. 
The  cursor  bit  (bit  7)  is  stripped  off  the 
upstream  tap  and  routed  to  cursor  blink¬ 
er  /C5,  which  introduces  a  blinking  cur¬ 
sor  into  the  character  generator's  enable 
input. 

The  parallel  outputs  from  IC7  go  to 


Fig.  3.  New  SCAN  instruction  uses  PROM  IClt  which 
also  has  the  line  length  option  in  its  circuit 
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PIG  3  (i)  {jn)  FIG  3  047>*F3Il 


Fig.  4.  Video  combiner  (IC 10),  offset  generator  (Ql)  arid  sync  delay  circuits 
deliver  video  to  TV,  Gated  clock  (IC4)  conti’ols  parailef-io-seriaJ  converter. 


C I ,  C7 — 0.01  -p.F  Mylar  capacitor 

C2—  120-pF  polystyrene  capacitor 

C3,  Cl  I .  Cli.  C13— 0.1-g.F  Mylar  capacitor 

C A — 150-pF  polystyrene  capacitor 

C5 — 2200-pF  polystyrene  or  Mylar  capacitor 

C6— 33-pF  polystyrene  capacitor 

C8 — 0.047-pF  Mylar  capacitor 

C9— 330- pF  polystyrene  capacitor 

Cl  (I — 240-pF  polystyrene  capacitor 

Dl  through  D5 — -1N4I48  silicon  diode 

ICt  —  1M5610  32x8  PROM  {or  similar) 

IC2 — 74LSOO  quad  tri-state  N AND  gate  IC 
IC3 — 4013  dual-D  flip-flop  1C 
IC4 — 74LS(Hhex  inverter  IC 
1C5 — 401 1  quad  NAND  gate  IC 
IC6 — 74LS08  quad  AND  gate  IC 
IC7 — 2513  character  generator  (must  be  sin¬ 
gle-supply  type,  such  as  Genera)  Instru¬ 
ments  No.  RO-3-2513) 


PARTS  LIST 


IC8— 74165  PISO  shift  register 
1C9— 74LS32  quad  OR  gate  IC 
ICIQ — U366  quad  analog  switch  IC 
J1T  J2 — Pc- mount  phono  jack  fMolex  No. 
15-24-2181  or  similar) 

Ql — 2N4402  or  MPS6523  (Motorola)  transis¬ 
tor 

The  following  resistors  are  lA  watt,  10^  toler¬ 
ance: 

R I .  RIO — 470 ohms 

R2— 10,000  ohms 

R3.R7— 220  ohms 

R4.R  1 6,R  1 7,R  I H — 2200  ohms 

R5.R6~22.000  ohms 

R8.R13.R19 — 4700  ohms 

R9 — -2 , 2  megohms 


R 1 1 — 100  ohms 

R  12— 1000  ohms 

RI4.RI5 — 100,000-ohm  pc -type  (upright)  po¬ 
tentiometer 

Misc. — Sockets  for  ICS  (seven  14-pin.  two 
16-pin.  one  24-pin);  36-contacl  edge  con¬ 
nector  with  0.1 56”  centers  (Amphenol  225 
or  similar);  solid  hook-up  wire  for  jumpers; 
insulated  sleeving;  test-point  terminals  (5); 
solder;  etc. 

Note:  The  following  items  are  available  from 
PA1A  Electronics.  Boji  14359.  Oklahoma 
City.  OK  731 14:  No.  PVMPC  primed  cir¬ 
cuit  board  for  $5.95;  complete  kit  of  all 
parts.  No,  PVI-IK.  for  $34.95  (specify 
blank  or  KIM-i  programmed  ICt );  KIM- 1 
coded  casveite.  with  programs.  No.  PV1- 
ICC.  for  $5. (XI.  All  prices  postpaid. 


shift  register  IC8 ,  where  they  are  con¬ 
verted  into  a  serial  video  signal.  The 
clock  and  load  commands  for  ICQ  come 
from  gated  oscillator  IC4t  which  derives 
its  signals  from  the  microcomputers 
dock,  ft  is  important  that  the  correct 
clock  phase  be  selected  to  permit  the 
loading  of  ICd  to  occur  when  the  output 
of  the  character  generator  is  valid  and 
settled.  This  is  phase  2  in  the  KIM-1,  (ff 
you  are  using  a  different  p.P  based  com¬ 
puter,  check  this  detail.) 


The  serial  video  from  ICQ  goes  to  the 
TV  Bandwidth  Compensator  in  IC9 , 
which  predistorts  the  video  by  delaying 
the  video  output  and  OFTing  it  against  it¬ 
self.  This  widens  the  vertical  portions  of 
all  characters  to  generate  clean  and 
crisp  characters  that  require  minimum 
bandwidth.  The  amount  of  widening  is 
determined  by  C2  (Fig.  4).  The  optimum 
value  of  C2  is  obtained  when  the  gener¬ 
ated  M  or  W  in  the  video  display  just 
barely  doses 


The  vertical  and  horizontal  timing  sig¬ 
nals  from  IC2  in  the  gating  dreurt  are  de¬ 
layed  by  IC3 .  The  display  positioning 
can  be  varied  by  potentiometers  R14 
and  RJ5.  The  vertical  and  horizontal 
sync  signals  are  combined  with  the  en¬ 
hanced  video  from  IC9  into  video  com¬ 
biner  IC10.  The  output  from  /CfO,  avail¬ 
able  at  Jl,  is  composite  video,  with  the 
sync  tips  at  ground,  black  at  0.4  volt,  and 
white  at  1 .6  volts.  This  output  can  be 
used  to  drive  conventional  video  moni- 
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tors  and  converted  TV  receivers.  The 
video  output  from  IC10  is  also  fed  to  Q1, 
which  is  offset  to  deliver  a  + 4-volt  output 
for  the  white  level  This  output,  available 
at  J2,  can  be  connected  directly  to  the 
first  video  amplifier  of  most  transformer- 
powered  solid-state  TV  receivers  {see 
box  for  details)  without  requiring  biasing, 
coupling,  or  translation  circuits. 

Two  options  are  provided  with  the 
TVT-6,  both  of  which  are  jumper  select¬ 
ed.  The  length  option  allows  a  choice 
of  either  32  or  64  characters /line.  The 
cursor  option  gives  the  choice  of  either 
no  cursor  or  allows  the  cursor  to  be  dis¬ 
played  under  software  control. 

Construction.  The  actual-size  etch¬ 
ing  and  drilling  guide  for  the  printed  cir¬ 
cuit  board  used  in  the  TVT-6  is  shown  in 
Fig.  5,  along  with  the  component-instal¬ 
lation  diagram.  Start  assembly  by  install¬ 
ing  and  soldering  into  place  the  21  jump¬ 
ers  and  test  points.  (Note  that  insulated 
sleeving  must  be  used  on  two  of  the  long 
jumpers.)  Install  the  1C  sockets,  resis¬ 
tors,  capacitors,  diodes,  jacks,  and  posi¬ 
tion  controls  R14  and  R1S.  Do  not  install 
the  IC's  at  this  time.  The  correct  1C  in¬ 
stallation  sequence  and  the  waveforms 
to  be  observed  will  be  discussed  in  Part 
2  next  month. 

Computer  Interlace.  Detailed  in  Ta¬ 
ble  I  are  the  requirements  of  each  of  the 
edge  connector  contacts  on  the  TVT-6 
and  how  to  use  each  contact.  Table  ) 
also  contains  the  KIM-1  interface  con¬ 
nection  instructions.  The  interface  con¬ 
sists  of  adding  a  new  connector  and 
making  some  add-on  connections.  One 
circuit  board  trace  is  cut  on  the  KIM-ls 
pc  board  to  permit  an  optional  change¬ 
over  switch  (or  jumper)  to  be  added  to 
the  microcomputers.  This  permits  KIM-1 
to  be  used  with  or  without  the  TVT-6. 

General  Operation.  Since  most  of 
today's  TVT  circuits  are  used  with  a  mi¬ 
croprocessor  or  microcomputer,  it  is 
best  to  do  as  much  of  the  display  control 
as  possible  with  the  microprocessor  and 
some  software.  What  may  not  be  obvi¬ 
ous  is  that  almost  all  of  the  timing  in  the 
system  can  also  be  done  using  the  mi¬ 
croprocessor.  All  this  takes  is  a  few  doz¬ 
en  words  of  code. 

The  four  key  secrets  of  operation  for 
the  TVT-6  are: 

1 .  Carefully  choose  how  the  address 
lines  are  defined  for  TVT  operation. 

2.  Add  a  new  instruction,  which  we 
call  scan,  to  rapidly  address  32  or  64  se¬ 
quential  memory  locations. 

3.  Permanently  connect  an  upstream 
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Fig.  5.  Actual-size  foil  pattern  (top)  and  compoyient  installation 
(below).  Use  sockets  for  all  IC*s.  Edge  connectors  go  to  KIM-1 . 
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TABLE i 


TVT-6 

CONTACT 

1,2 

3,  4,  5 
6 


7,8*9,10, 
1 T  h  12,13, 
14 


15 


16 


17 


18.19,20, 
21,22,23, 
24,  25,  26, 
27 


TVT-6  PINOUT  AND  KIM-1  INTERFACE 

A4. 

R  (A13) 

20 

NAME 

REMARKS 

A3 

S  (All) 

21 

GND 

Heavy  wire  to  expansion  contact  22  or  simi¬ 

A2, 

T  (A  1 5) 

22 

tar  punt  in  KIM-1 

A1 

F  (AS) 

23 

NC 

Spares 

E(A4> 

24 

VCL 

1-MHz  clock  from  expansion  contact  U(02) 

D  (A3) 

25 

(in  other  systems  dock  phase  must  be  se¬ 

C(A2) 

26 

lected  so  that  load  pulse  arrives  when  CG  is 

B  (A1J 

27 

VD7, 

VD6, 

VD5, 

VD4. 

V03, 

V02, 

VD1, 

VCXP 


CSI 


CSO 


OEN 


AH, 
A 12* 
A13. 
A14* 
A15, 
A5, 


vahd.) 

Data  output  from  memory  display;  drives 
character  generator.  For  KIM-1  to  display 
any  pan  of  pages  00  through  03,  connec 
tions  must  be  made  as  follows 


TVT-6  contact 

7 

8 

9 

10 
11 
12 

13 

14 


lo  pm  12  of  KIM-1  !CJ 
US 
U6 
U7 
U8 
U9 
IMG 
U11 
UV2 


Display  memory  chip  select  from  p.P;  nega¬ 
tive  logic  OR  combined  with  TVT-6  chip  se- 
feci.  From  pin  1  of  U4  on  KIM-1 , 

Display  memory  chip  select  source;  enables 
display  memory  when  either  TVT-6  is  active 
or  contact  15  is  low  Goes  to  pin  13  of  U5 
through  U12  in  KIM-1  when  displaying  any 
part  of  pages  00  through  03.  Existing  Ko 
connection  in  KfM-1  must  be  broken 
Decode  enable,  goes  low  when  pR  is  oper¬ 
ated  in  normal  mode,  high  when  TVT-6  is 
doing  an  active  scan  Goes  to  KtM-t  Ap¬ 
plications  contact  K.  Any  external  ground  on 
applications  contact  K  should  be  removed 
Address  inputs  from  |jG,  positive  true  Ad¬ 
dresses  A'<A  A6  through  A10  not  sent  to 
TVT-6.  Connections  to  KfM-1  expansion 
KIM-1  contact'  to  TVT-6  contact: 

N  (All)  18 

P  (A12)  19 


28.  29 r  30, 
31,32,33, 
34,35 


36 


087, 

086, 

DBS, 

084, 

DB3 

OB2, 

DBi* 

DBO 


l5V 


>iP  data  bus;  testate  active  high  from  (Cl 
during  active  scan,  nnt  used  at  other  times 
Connections  to  KIM-1  expansion 
KIM-1  contact 

8  (8D7) 

9  (DB6) 

10  (DBS) 

11  (B04) 

12  (DB3) 

13DB2] 

14  (DBi) 

ISjDBti) 

Regulated  t  5  volt 


to  TVT-6  contact 
28 

29 

30 

31 

32 

33 

34 

35 

(200-mA)  power  bus. 


should  be  heavy  wire  From  KJM-1  expan¬ 
sion  contact  21  or  similar  point  to  contact  36 
in  TVT-6 

Note  KIM-1  conversion  consists  of  breaking  one  foil  trace  and 
adding  a  new  36*p*n  socket  (Amphenof  127  or  similar)  Connec¬ 
tion  to  be  broken  originates  as  Kd>(pin  1  of  U4)  Rowing  of  Kplbat 
goes  to  memory  chip  select  pin  13  of  US  through  U12  should  be 
broken  Other  ^connections,  such  as  that  to  pm  1  of  Ul6  should 
remain  intact  Any  external  ground  connections  to  Application 
connector  contact  K  (decode-enable)  must  be  removed  All  wiring 
should  bo  made  with  a  wiring  pencil 
When  KfM-1  is  used  wfthout  displaying  video,  it  will  behave  nor¬ 
mally  and  transparently  as  long  as  TVT-6  is  plugged  in  and  ad¬ 
dresses  8000  through  DFFF  are  not  used.  To  restore  KfM-1  oper¬ 
ation  with  TVT-6  out  of  socket,  or  to  use  available  addresses  for 
other  programs,  jumper  pin  15  lo  pin  1 6  and  separately  jumper  pin 
1  to  pm  1 7  in  the  KJM-1  Note  that  this  jumpering  is  to  be  done  only 
when  TVT-6  is  out  of  its  connector.  I  you  wish,  a  dpdt  changeover 
switch  can  be  added  to  perform  the  jumpering.  Switch  positions 
should  be  changed  only  when  power  is  off 


memory  tap  to  the  character  generator 
and  display  circuit 

4  Create  special  software  that  will 
allow  TVT -6  scanning. 

All  16  address  tines  are  used,  as¬ 
signed  as  shown  in  Fig.  6A  for  a  32-cha- 
racter/line  system  or  as  shown  in  Fig. 
6B  for  a  64 -character/ tine  system.  Ad¬ 
dress  A15  is  the  horizontal  sync  pulse 
and  the  key  to  jumping  to  the  new  scan 
instruction.  This  pulse  is  followed  In  de¬ 
scending  address  order  by  the  vertical 
sync  (A  14)  and  three  lines  (L4,  L2,  LI) 
that  produce  the  H*what  row  of  dots  do 
we  want?"  information  for  the  character 
generator.  The  lower  address  lines  are 
used  to  select  a  page  of  display  memory 
and  to  select  the  character  that  goes  into 
any  particular  horizontal  and  vertical  lo¬ 
cation  on  the  display. 


V  LOCATION  h.  location 

StPiC  ROW  RAG£  IL»ME)  iCHARACTCft  POSITION) 


1  HS  [  vs  | 

1  y*l±*L 

L  1  r  C  1  1  I  Vi  1  V4  I  V2  I  VI  1  MI6  1  H©  I  HA  | 

jilLilJ 

1  UPPER 

4613 

1  A)  ADDRESS 

WORD  I  I  LOWER  word 

A0S  AQT 

32  ChARACTERS/LINE,  JG  lINE  SYSTEM 

i 

AS0 

SYNC 

saw 

PACE  /LOCATION  H.  LOCATION 

|  HS  |  VS  : 

[nun 

l  i  l  0  i  vs  |  va  ]  v2  |  Vi  |h55|hi&|  hs  |  ha  | 

!  H2  j  HI [ 

AGl3  A00  AB7 

ADDRESS  BUSIGA  CHARACTE  RS/UN£,  Ifr-LINE  SYSTEM 


ASCII  CHARACTER 


CURSOR  ASCII  CHARACTER 

1,  A  . 

I  C  1  7  i  6  |  S  1  ■>  I  ?  |  Z|  |  |  I  0  I  T  I  6  |  *  |  |V)  \  I  I  ) 

□  ft.*  OB?  PA  7  PA0 

<ciba*a&u£  nmeveoARD  input 


KE /PRESSED 


Fit.  f>\  d nflutt  irm ^  us  imetl  with  the  TVT-6, 

AM  til  tgtUiri*  ns  tin*  sure  tim'd  described  hi  text. 
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DIRECT- VIDEO  INPUT  CONVERSION 


0201 
|*i  VIDEO  AMP 


Adding  a  TVT-6  direct- video  input  to  a 
small- screen  solid-state  TV  receiver  re* 
quires  only  two  short  lengths  of  shielded 
coaxial  cable,  as  illustrated  in  the  sche¬ 
matic  (Important  Note:  Do  nof  use  a  hot- 
chassis  TV  receiver!  Make  absolutely  cer* 
tain  that  the  TV  receiver  you  use  is  trans¬ 
former  powered  from  the  ac  line.)  The 
conversion  circuit  shown  here  is  for  the 
Sears  No,  562-50260500  (Sams  Photo¬ 
fact  No.  1565-1).  Other  TV  receivers  can 
be  modified  in  a  similar  manner 


earphone  jack 

(REMOVE  OLD 
CONNECTIONS) 


The  earphone  jack  in  the  circuit  provides 
automatic  changeover  from  norma!  receiv¬ 
er  performance  to  video  access.  Correct 
bias  is  provided  by  TV  output  of  the  TVT-6. 
As  an  option,  you  can  defeat  the  sound 
trap  in  the  Sears  TV  receiver  by  lifting  one 
end  of  capacitor  C20h 


The  data  within  the  machine  (see  Fig. 
6C)  uses  the  lowest  seven  bits  as  ASCII 
character  storage.  This  is  arranged  by 
putting  the  least- significant  ASCII  char¬ 
acter  bit  in  the  least-significant  data  slot, 
and  so  on  up  through  the  more  signifi¬ 
cant  bits.  The  eighth  data  bit  (D67)  is  re¬ 
served  for  a  cursor.  If  PB7  is  a  zero,  a 
character  is  displayed,  while  if  it  is  a  one, 
a  cursor  box  is  optionally  displayed. 

The  existing  KIM-1  keypad  can  be 
used  as  an  ASCII  keyboard  for  many  ap¬ 
plications,  particularly  for  setup  and  de¬ 
bugging,  If  you  wish  to  add  an  external 
ASCII  keyboard  and  encoder,  connect  it 
to  the  KIM-1 's  parallel  interface  A,  fol¬ 
lowing  the  assignments  shown  in  Fig 
6D.  The  seven  ASCII  bits  go  to  the  sev¬ 
en  low-order  data  lines,  while  PA7  is 
hard  wired  for  a  zero.  The  keypress,  or 
strobe,  signal  from  the  keyboard  must 
pull  the  IRQ  (interrupt  request  line)  to 
ground  for  10  p.s  to  enter  a  character  or 
machine  command. 

The  truth  table  for  PROM  fCI  is 
shown  in  Fig,  1.  This  truth  table  stores 
the  scan  instruction ,  activated  by 
addresses  6000  through  DFFF.  When 
fCI  is  enabled,  if  causes  the  micro¬ 
processor's  program  counter  to  appear 
on  the  address  tines  for  32  or  64  con¬ 
secutive  scans  that  advance  one  count 
per  microsecond.  This  automatically  and 
sequentially  addresses  the  display 
memory  and  produces  exactly  the  data 
needed  for  a  horizontal  scan  of  TVT 
characters.  The  scan  instruction  runs  at 
least  twice  as  fast  as  the  microprocessor 
normally  moves,  which  is  the  key  to  TVT 
timing  with  a  microprocessor. 


To  use  the  scan  instruction,  jump  to  a 
subroutine  whose  starting  address  is 
within  the  6000  to  DFFF  range.  For  ex¬ 
ample,  if  you  call  JRS  0200,  the  Scan  in¬ 
struction  will  deliver  a  horizontal  sync 
pulse  and  initiate  operation  on  the  top 
row  of  characters,  starting  with  the  first 
character  on  page  2,  After  a  selected  32 

new  scan  enable  input 

i—  FROM  8000-DFFF  DECODER 
IN  TVT-6 


or  64  characters,  ihe  scan  instruction 
automatically  jumps  back  to  the  main 
program. 

The  scan  instruction  can  be  viewed 
as  a  "portable  subroutine"  because  it 
readily  moves  around  to  automatically 
output  the  correct  page  and  character 
generator's  row  information,  starting 
with  an  easily  computed  JSR  address. 
Addresses  above  DFFF  will  not  activate 
the  scan  instruction.  This  includes  the 


interrupt  and  reset  vectors  on  the  KfM-1 
so  that  the  operating  system  will  work 
compatibly  and  properly  with  the  new 
scan  instruction. 

There  are  many  possible  codings  for 
the  scan  program  with  the  limitation  that 
the  last  address  is  a  return-to-subroutine 
(RTS)  instruction.  The  obvious  choice  of 
NOP  or  EA  runs  at  only  half  speed  and 
cant  be  used.  Of  the  three  dozen  in¬ 
structions  that  operate  at  full  speed,  the 
choice  of  IDY  is  the  one  that  does  not 
disturb  the  accumulator  or  its  flags.  This 
adds  flexibility  to  other  programs.  The  Y 
register  can  be  viewed  as  a  write-only 
memory  in  the  scan  software  and  we 
can  think  of  the  whole  scan  instruction 
as  a  group  of  double -speed  fetch- but- 
don't -execute  instructions.  TheoreticaJ- 
ty,  a  64-word  PROM  would  be  required 
tor  a  64-character  line,  but  this  can  be 
overcome  by  ignoring  address  A0and 
changing  the  PROM's  address  every 
second  cyde  of  the  machine. 

Upstream  Tap.  The  scan  instruction 
will  sequentially  address  32  or  64  mem¬ 
ory  slots  per  horizontal  scan  line  at  a 
rate  of  one-per-clock  cycle  (1  ps).  These 
addresses  are  presented  to  the  entire 
memory  in  the  computer,  including  the 
memory  to  be  displayed.  However,  dur¬ 
ing  the  display  times,  the  scan  instruc- 

BlT  7  TO 

TVT-6  CURSOR 

tIC  9) 


tion  and  its  PROM  have  control  of  the 
data  bus  so  that  the  display  memory  (or 
anything  else)  cannot  output  information 
to  the  data  bus. 

The  upstream  tap  is  added  as  shown 
in  Fig.  7.  This  tap  is  always  outputting  in¬ 
formation  to  the  character  generator  in 
the  TVT-6,  The  output  information  is 
present  even  (and  especially)  when  the 
display  memory  data  bus  drivers  have 
been  inactive.  o 


BtTS  0-6 
.TO  TVT-6 
'  CHAR.  GEN 
(IC7) 


COMPUTER 

>DATA 

BUS 


DECODE 

ENABLE 

(K0) 


Fig.  7.  Adding  the  upstream  tap  to  the  memory  to  be  displayed. 
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JOS,  JORt  JOU,  JOB  (Nagasaki  Radio) 
acknowledges  reception  toif  h  informal 
QSL  which  list#  call  signs,  power  (kW)r 
fre  qucncy  (kHz),  and  o  per  a  ting  h  our  s(G  MT X 


BY  HARRY  L  HELMS,  JR. 

END  THAT 
“UTILITY 
FUTILITY” 


DXing  CW  without  knowing  Morse  code 


If  you're  like  a  lot  of  SWL's,  you're  not 
getting  full  use  of  your  shortwave  re¬ 
ceiver.  You  DX  the  international  and 
tropical  broadcasting  bands  for  sure, 
and  you  probably  eavesdrop  on  the 
amateurs,  broadcast  band,  and  interna¬ 
tional  radiotelephone  circuits  from  time 
to  time.  But  what  about  those  CW  sta¬ 
tions— Morse  code.  Tune  outside  the 
broadcasting  bands  and  you'll  find 
scads  of  those  d*t-dah  stations  dotting 
and  dashing  away  around  the  clock. 
Have  you  ever  tried  your  hand  at  DXing 
these  stations? 

Prime  DX  lurks  to  the  CW  utility 
bands!  Countries  such  as  Iceland,  Ber¬ 
muda,  Barbados,  and  the  Canal  Zone 
are  missing  from  many  SWL  logbooks 
because  they  are  extremely  difficult  to 
hear  on  the  broadcasting  bands.  But 
these  countries  and  others  are  active. 
They're  often  heard  on  the  CW  utility 
bands,  and  they  readily  verify  reports  as 
well! 

"But  l  don't  know  CW,"  you  may  pro¬ 
test.  If  that's  all  that  has  prevented  you 
from  DXing  the  dah-dit  stations,  relax , 
For  the  simple  fact  of  the  matter  is  that 
you  don’t  have  to  know  the  code  to  DX 
and  verify  CW  stations! 

Markers  Make  It  Easy.  There's 
nothing  magical  about  DXing  CW  sta¬ 
tions  if  you  don't  know  the  code.  CW  sta¬ 
tions  offer  a  ready-made  DX  aid  in  the 
marker  fransm/ssfon,  which  is  a  repeat¬ 
ed  taped  transmission  used  by  a  CW 
station  to  establish  contact  or  to  hold 


onto  a  frequency  while  watting  for  traffic. 
Marker  transmissions  often  follow  this 
general  format:  the  tape  stans  with  a  se¬ 
ries  of  the  tetter  "V”  (VVV  WV  VW( 
etc.)  or  a  series  of  CQs  (CQ  CQ  CQ, 
etc  ).  This  is  almost  certainty  followed  by 
l,DE.ff  which  is  French  for  "from",  Next 
comes  the  station  callsign,  usually  re¬ 
peated  three  times.  Thus,  typical  marker 
transmissions  read  something  like  this: 
"VVV  VW  VVV  DE  WXX  WXX  WXX '  or 
"CQ  CQ  CQ  DE  WXX  WXX  WXX."  The 
marker  often  contains  additional  items, 
such  as  the  Q-code  abbreviations 
"QRU?"  ("Do  you  have  anything  for 
me?"}  or  “QSXU  (I  am  listening  on 


_ ).  And  often  you  will  hear  the  fet¬ 
ters  "K,"  "SK/*  or  "AFT  sent  at  the  end 
of  a  marker.  All  three  are  generally  used 
to  denote  the  end  of  the  text  of  the  mark¬ 
er.  Thus  you're  likely  to  hear  a  marker 
running  something  like  this:  "VVV  VVV 
VVV  DE  WXX  WXX  WXX  QRU?  QSX  6 
8  12  MHZ  AR,"  Translated,  this  means 
that  station  WXX  is  not  busy  at  the  mo¬ 
ment  and  is  asking  listening  stations  if 
they  have  any  traffic  for  WXX,  and  that 
WXX  is  listening  on  the  6,  8,  and  12- 
MHz  utility  bands  for  a  reply. 

How  can  one  translate  those  dits  and 
dahs  into  readable  letters  if  one  doesn't 
know  CW?  The  secret  lies  in  the  fact 


PRIME  MARITIME  CW  DX  BANDS 

4231-4361  kHz  12689-1 31 70,5  kHz 

6345.5-651 4  kHz  1691 7.5-17255  kHz 

8459  5-8729.5  kHz  22374-22624.5  kHz 


CW  MARKER  ABBREVIATIONS  &  CODES 

VVV  General  opening  for  a  marker;  usually  sent  in  a  series  of 
three 

CQ  General  call  to  any  station,  often  used  to  start  marker 
DE  French  for  “from,"  precedes  station  callsign, 

QRU?  Do  you  have  any  traffic  for  me? 

Q  RX  1  will  call  on  Ihe  frequency  of _ 

QSX  I  will  be  listening  on  the  frequency  of  .  _ 

QSY  t  am  changing  frequency  to _ _ _ 

K  At  e  nd  of  m  arker ,  de  note  send  of  message 

A  R  Same  as  K .  me  aning  e  nd  of  me  ssage 

SK  Station  work  completed 
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The  Oveirseas  Tfleconhfnunicahoftt  Commission 
(Australia)  has  pteasupe  <rs  confirming  vour 
the  lolloA»r>g  transmis^^  — 

stnsfo&M’'  juudivitf:  MOftafiJ'i 

dlriUES.T  .  •'  ‘i1. 

EMISSION 

TRANSMIT! EH  POWER  1 

AE  RIAL  IV  PE  DE  LTA  HATCI I  ED  D I  PUJ.E 

AERIAL  bearing 

-  ^ntijivpjrv  6464  KHz 

toMWMfMWMtoo**  botly  ie$f'i-  n-j^ta  loi 
tclc  *rigny;ii)'irt(ffi^  ^flfvicrJ  lj<!tvvwn  Vm!  olh<v 

eounTn&ft .  i  Xrf  IreT^een  -V'LSr-T \‘.i\  urn)  ItippUiM-j 

thar>kTOJ0lir9AHJi  te pon  on  ffit  to uvm 

V  ,  /  *r.  / 

ii^hol  Id?  O  T  C 


your  report  of 


^mt.  i 

*  i* 


i^on  heard  on 
8/8/75 


The  Oversea a  Te  fee  ommumc  a  tiaras  Commission  ('Australia)  sends  this 
QSL  with  service,  cad  sign,  emission,  transmitter  power t  antenna  type, 
and  frequency  as  part  of  the  confirmation  of  one  of  its  transmissions. 


COMMONLY  HEARD 
FOREIGN  CW  STATIONS 


4352 

NBA 

Balboa*  Canal  Zona 

6376 

VPN 

Nassau,  Bahamas 

6379 

8PO 

St.  Philip,  Barbados 

6363 

EAD 

Madrid.  Spain 

6386 

HKC 

Buenaventura.  Colombia 

6393 

ZLO 

Waiouru,  New  Zealand 

6439 

oxz 

Lyngby.  Denmark 

6446 

OXZ 

Lyngby.  Denmark 

6463 

HKB 

Barranquifla,  Colombia 

6464 

VIS 

Sydney,  Australia 

6467 

JCS 

Choshi  City.  Japan 

6470 

IAR 

Rome,  Italy 

6467 

VRT 

Bermuda 

6491 

PJC 

Willemstad.  Curacao 

G49t 

JOS 

Nagasaki.  Japan 

6512 

TFA 

Reykjavik,  Iceland 

8472 

NMR 

San  Juan.  Puerto  Rico 

8479 

JCU 

Choshi  City*  Japan 

8491 

VIS 

Sydney,  Australia 

8483 

DAN 

Hamburg,  West  Germany 

8511 

DAL 

Hamburg.  West  Germany 

8521 

VIS 

Sydney,  Australia 

9523 

JOR 

Nagasaki.  Japan 

8530 

IAR 

Rome,  Italy 

6574 

HKC 

Buenaventura,  Colombia 

8598 

0X2 

Lyngby,  Denmark 

8647 

JDC 

Choshi  City  .  Japan 

8666 

OXZ 

Lyngby,  Denmark 

8666 

HKB 

Barranquilfa,  Colombia 

8666 

HKC 

Buenaventura,  Colombia 

8670 

IAR 

Rome.  Iialy 

8682 

EAD 

Madrid,  Spain 

6686 

JCT 

Choshi  City.  Japan 

8690 

TFA 

Reykjavik,  Iceland 

8694 

PJC 

Willemstad,  Curacao 

0710 

VPN 

Nassau.  Bahamas 

8716 

8P0 

St.  Philip,  Barbados 

8718 

VRT 

Bermuda 

8726 

NMR 

San  Juan*  Puerto  Rico 

12709  8P0 

St.  Philip,  Barbados 

12709  VRT 

Bermuda 

12718  NMR 

San  Juan.  Puerto  Rico 

12832  OAF 

Hamburg*  West  Germany 

12943ZLO 

Waiouru,  New  Zealand 

12952  VIS 

Sydney,  Australia 

1 3065  EAD 

Madrid*  Spain 

13069TFA 

Reykjavik,  Iceland 

17170  PJC 

Willemstad,  Curacao 

that  a  marker  is  repeated  lor  several 
minutes  at  a  time,  usually  at  a  code 
speed  considerably  below  that  normally 
used,  and  the  message  is  the  same 
each  time  it  is  repeated.  In  fact,  you  may 
find  some  markers  repeated  for  hours  at 
a  stretch.  Thus,  you  need  persistence 
and  patience  to  bag  CW  DX,  not  code 
proficiency. 

Your  task  will  be  greatly  simplified  if 
you  have  some  form  of  tape  recorder, 
either  reel -to -reel  or  cassette.  If  you  do* 
it  helps  to  record  several  minutes  of  the 
marker.  If  you  don’t  have  a  tape  record¬ 
er,  you  can  still  log  CW  stations,  but 

54 


you'll  have  to  work  quickly  and  accurate¬ 
ly.  With  practice,  you'll  find  that  it  will 
only  take  a  couple  of  minutes,  even  with¬ 
out  the  aid  of  a  tape  recorder. 

The  Morse  code  is  a  language  of 
sound,  with  only  two  sounds  to  learn:  the 
dit  (a  short*  staccato  sound)  and  the  dah 
(approximately  three  times  as  long  as 
the  dlt  and  drawn  out).  Forget  all  about 
dots  and  dashes— those  are  relics  left 
over  from  the  days  of  landline  telegra- 
phy — and  also  forget  any  visual  code  ta¬ 
ble  you  may  have  memorized.  On  radio. 
CW  is  sound 

Learn  to  recognize  the  J'V"  or  "CO** 
series  that  open  markers  by  their  sound 
in  CW.  A  "V"  comes  out  as  "didididafi" 
and  XQ"  sounds  like  “dahdidahdit  dah - 
daftdidah."  Memorize  these  sounds  and 
practice  them  by  repeating  them  to  your¬ 
self  or  by  whistling  those  sounds.  Using 
this  technique,  you'll  be  able  to  recog¬ 
nize  the  ’V  or  XQ"  that  indicates  that 
you're  hearing  a  marker.  Listen  carefully 
to  the  transmissions  that  follow  the 
opening.  Is  it  repeated  over  and  over?  If 


so,  turn  on  your  tape  recorder,  get  a 
pencil  and  paper,  and  grab  the  code  ta¬ 
ble  that  accompanies  this  article.  We  are 
now  going  to  end  your  utility  futility! 

The  next  thing  you  are  likely  to  hear 
after  the  #*V"  or  XG"  series  are  the  let¬ 
ters  “DE/'  explained  earlier.  In  CW,  they 
make  the  sounds  "dahdidit  dit,"  and 
should  be  memorized  along  with  "V" 
and  XG."  The  call  letters  of  the  station 
are  almost  invariably  next.  Concentrate 
on  getting  the  first  fetter.  As  soon  as  you 
hear  it,  look  on  our  code  sound  table  un¬ 
til  you  find  the  letter  that  matches  the 
sound.  As  an  example*  suppose  that  the 
first  sound  you  hear  following  *‘DE"  is 
"di dahdah*  As  soon  as  you  hear  it,  con¬ 
centrate  on  the  sound,  perhaps  by  re¬ 
peating  if  to  yourself— “didah dah,  didah- 
dah  .  ,  until  you  locate  it  on  our 
code  table,  in  this  case,  you'll  find  that 
"didahdah"  represents  the  letter  "W." 
So  you'll  now  have  the  first  letter  in  the 
station's  call.  Repeat  this  process  with 
the  next  letter,  and  the  next,  until  you 
have  the  station's  complete  call  sign. 


Think  you  Tor  your  recaption  rnpocl 

n 

of  our  sign  ala  on _ 


as  spoiled  by  you  on . 


Wd  ippnekata  your  infirm. 

EeJUODcll 


Trcffil 


0111  S4-70) 


bla,  Jr. 
us  tori  ua«7  at*—t 
r«n  Mill,  5.c.  29719 


TKTTefe  communications  Corporation  acknowledges  reception 
by  confirming  the  transmitting  frequency  on  tfte  day  and  date, 
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This  may  sound  like  a  long  and  tedious 
process,  and  it  may  be  so  at  first.  Bui  af¬ 
ter  a  little  practice  you'll  be  able  to  copy 
the  complete  text  of  the  marker  within 
minutes.  If  you  have  trouble  with  the 
code  sounds,  try  adjusting  your  receiv¬ 
er's  beat  frequency  oscillator  (BFO)  for  a 
different  pitch. 

Verifications.  It  s  a  snap  to  prove  to 
the  CW  utility  station  that  you  heard 
them.  Simply  copy  the  complete  text  of 
the  marker  transmission  and  report  in 
the  usual  manner.  Normally  it’s  a  no-no 
under  international  law  to  repeat  the  de¬ 
tails  of  a  utility  station  transmission.  For¬ 
tunately,  markers  are  an  exception.  In¬ 
clude  the  date  and  time  in  GMT.  Avoid 
using  common  reporting  codes  such  as 
SINPO  and  S1NFO.  Plain  English  will  do 
fine.  Make  particular  note  of  any  hum  or 
frequency  shifting  of  the  signal. 

Estimate  the  frequency  as  best  you 
can.  If  you  are  one  of  those  fortunate 
SWLs  with  direct-frequency  readout  re¬ 
ceiver  this  is  no  problem.  But  if  you  Ye 
like  most  of  us  and  use  a  general  cover- 


CW  CHART  BY  SOUND 

A  didah 
B  rfafrdididit 
C  dahdidahdit 
D  dahdidil 
E  dit 

F  di  didah  Pit 
G  dahdahdit 
H  didididit 
I  did  it 

J  d  tiahdahdah 
K  dahddah 

L  didahdidit 
M  dahdah 
N  dahdW 
0  dahdahdah 
P  dtfahdahdit 
G  dahdahdidah 
R  didahdit 
S  dididit 
T  dah 
U  diddah 

V  didi  didah 
W  driahdah 
X  dahtixdidah 

Y  dahdtfahdaft 
Z  dahdahdidit 

1  di dahdahdahdah 

2  dtdi dahdahdah 

3  did  id  id  ah  da  h 

4  dididididah 

5  did  id  id  id  it 

6  dahdi  dididit 

7  dahdahdididii 

3  dahdahdahdidit 
9  daftdahdahdahd it 
0  dahdahdahdahdah 
?  dididahdahdidit 
/  dahdtdidahdit 
,  didabdtiahdriah 


WHERE  TO  SEND  CW  DX  RECEPTION  REPORTS 

KFS,  ITT  World  Communications.  Box  56r  Half  Moon  Bay,  Calif.  9401 9 

KHK,  RCA  Global  Communications,  223  S<  King  SL  Honolulu,  Hawaii  96804 

KLB.  ITT  World  Communications,  3620  Old  Hiway  99,  Marysville,  Wash.  96270 

KGKt  ITT  World  Communications,  18500  S.  Bloomfield  Ave.,  Cerritos,  Cat.  90701 

KPH.  RCA  Global  Communications.  135  Market  St.,  San  Francisco,  Calif.  94105 

WAX,  TRT  Tetecomunications,  Box  0876,  Fort  Lauderdale,  Florida 33310 

WCC,  RCA  Global  Communications.  Box  397,  North  Chatham,  Mass  02650 

WLO,  Mobile  Marine  Radio  Inc,,  Box  743,  Mobile.  Alabama  33601 

WMH,  Dundalk  Marine  Terminal,  2700  Broening  Highway,  Baltimore,  Maryland  21222 

WNU,  TRT  Telecommunications.  P.  O,  Drawer  E.  Pearl  River,  Louisiana  70452 

WNY,  RCA  Communications  Inc.,  60  Broad  St.,  New  York,  NY  10004 

WOE,  RCA  Communications  Inc..  8500  Lawrence  Rd..  Lake  Worth,  Florida  33480 

WPA.  RCA  Global  Communications,  Box  1328,  Port  Arthur,  Texas  77640 

WSC.  RCA  Global  Communications,  Box  34,  West  Creek,  New  Jersey  08092 

WSL,  ITT  World  Communications,  Mackay  Marine  Div.,  Amagansetl.  New  York 


COMMONLY  HEARD 
AMERICAN  CW  STATIONS 


4247 

KPH 

San  Francisco,  Calif 

4274 

KFS 

Palo  Alto,  Calif, 

4283 

KOK 

Cerritos,  Calif 

4310 

WNU 

Slidell.  Louisiana 

4322 

WPA 

Pori  Arthur,  Texas 

4331 

WSC 

Tuckerion,  New  Jersey 

4346 

WMH 

Baltimore,  Maryland 

4349 

KLB 

Marysville,  Wash, 

6376 

WCC 

Chatham.  Mass. 

6390 

WAX 

Ojus,  Florida 

641 1 

Kie 

Marysville,  Wash. 

6411 

WOE 

Lantana,  Florida 

6435 

WPA 

Port  Arthur,  Texas 

6463 

KOK 

Cerritos.  Calif. 

6477 

KPH 

San  Francisco,  Calif, 

6495 

WNU 

Slidell,  Louisiana 

6502 

WSC 

Tuckerton.  New  Jersey 

6519 

WNY 

New  York,  New  York 

8486 

WOE 

lantana,  Florida 

8502 

WMH 

Baltimore*  Maryland 

8514 

WSL 

Amagansell.  New  York 

9526 

WAX 

Ojus,  Florida 

8542 

KHK 

Honolulu,  Hawaii 

8550 

KFS 

Palo  Alio,  Calif, 

9570 

WNU 

Slidell,  Louisiana 

8582 

KLB 

Marysville,  Wash. 

8586 

WCC 

Chatham,  Mass. 

8530 

KOK 

Cerritos*  Calif. 

8610 

WSC 

Tuckerion.  New  Jersey 

8618 

KPH 

San  Francisco,  Calif. 

8630 

WCC 

Chatham,  Mass. 

8642 

KPH 

San  Francisco,  Calif. 

0658 

KLB 

Marysville,  Wash, 

8658 

WSL 

Amaganselt.  New  York 

8686 

WMH 

Baltimore,  Maryland 

8714 

WLO 

Mobile,  Alabama 

12808 KPH 

San  Francisco.  Calif. 

12844  KFS 

Palo  Alto,  CaRL 

12925  WCC 

Chatham,  Mass. 

12993  KOK 

Cemtos,  Calif, 

12997  WSL 

AmaganseTt,  New  York 

age  receiver  not  calibrated  so  accurate¬ 
ly.  estimate  the  frequency  to  the  best  of 
your  ability.  If  you  get  deeply  involved 
with  CW  DXing,  you  may  find  an  exter¬ 
nal  frequency  standard  that  puts  out 
markers  every  1 00  kHz  will  be  a  good  in- 
vestmenL  They  often  run  around  $30 
more  or  less. 

It  is  always  wise  to  include  a  prepared 
card  with  your  report.  Put  the  station  call 
and  location  on  the  card,  along  with  the 
date  and  time  the  station  was  heard.  If 
you  had  to  estimate  the  frequency,  leave 
a  space  blank  for  the  station  operator  to 
include  the  exact  frequency.  You  might 
like  to  leave  some  space  for  the  station 
operator  to  make  some  remarks,  along 
with  a  line  for  a  signature  and  station 
stamp.  Frequently,  a  station  will  have  its 
own  GSL  cards  or  will  send  a  letter,  but 
a  prepared  card  is  the  best  way  to  en¬ 
sure  a  repiy. 

Included  here  is  a  list  of  the  major  CW 
utility  bands.  They're  mainly  used  by 
coastal  stations.  Also  presented  is  a  list 
of  commonly  heard  stations  and  the  fre¬ 
quencies  on  which  they  have  been  ac¬ 
tive  of  late.  More  complete  listings  of 
GW  stations  can  be  obtained  from  Han¬ 
dler  Enterprises,  Box  253,  Deerfield,  Illi¬ 
nois  60015  and  Gilfer  Associates.  Box 
239,  Park  Ridge,  NJ  07656,  You  might 
also  be  interested  in  joining  a  radio  club 
that  features  coverage  of  CW  DX.  Three 
such  clubs  ate  American  SWL  Club, 
16182  Ballad  Lane,  Huntington  Beach, 
Calif.,  92649;  Newark  News  Radio  Club, 
Box  539,  Newark,  New  Jersey,  07101; 
and  SPEEDX,  Box  E,  Elsinore,  Calif., 
92330,  Enclose  a  self-addressed 
stamped  envelope  with  your  requests 
for  information  to  these  dubs,  and  you 
might  enclose  $1  if  you  want  to  examine 
a  sample  bulletin.  O 

55 


JULY  1977 


FFow  to  maintain  tape  recorders  and  tapes 
in  peak  condition. 

GYCHAIG  STARK 


APART  from  inquiries  about  specie 
product  recommendations,  the  sub¬ 
ject  of  most  concern  to  readers  is  how  to 
care  for  their  recorders  and  tapes. 

In  addition  to  routine  household  dust¬ 
ing.  recorders  need  two  kinds  of  periodic 
cteaning:  physical  and  magnetic.  The 
tape  has  yet  to  be  made  that  does  not 
shed  some  of  its  oxide  panicles  with  ev¬ 
ery  playing,  and  unfortunately  these 
tend  to  accumulate  on  lape  heads  and 
guides,  pressure  pads,  and  the  cap- 
stan/pressure-roller  drive  system.  If  not 
removed,  this  debris  can  cause  slippage 
in  the  drive  mechanism.  The  resulting 
wow  and  flutter  is  heard  as  inconstancy 
or  'graminess"  in  pitch  In  addition,  the 
oxide  accumulations  on  the  heads 
cause  momentary  "drop-outs'1  in  the  sig¬ 
nal  and  loss  of  treble  response. 

Happily,  the  solution  is  as  near  as  a 
bottle  of  isopropyl  or  rubbing  alcohol  and 
an  ordinary  cotton-tipped  swab  If  the 
tape  you  use  has  a  brown  surface*  the 


chocolate*colored  band  that  develops 
on  the  black  pressure  roller  is  an  obvi¬ 
ous  warning  that  housekeeping  is  in  or¬ 
der  If  the  tape  you  use  has  a  black  ox¬ 
ide,  you  will  have  to  look  more  closely  to 
see  the  shiny  band  that  appears.  In  any 
case,  the  build-up  of  fiaked-off  oxide 
particles  must  be  removed  from  ell  parts 
in  the  head  assembly  and  anywhere  the 
lape  contacts  the  recorder 


Magnetic  Considerations.  Though 
unseen,  residual  magnetism  induced  in 
heads,  guides*  and  capstan  represents 
an  even  greater  potential  danger  to  your 
tape  collection,  and  preventive  or  thera¬ 
peutic  treatment  is  indicated  at  least  as 
often  as  physical  cleaning.  Professional 
studios  'degauss"  their  machines  daily 
(every  8  to  20  hours  of  operating  time  is 
the  usual  recommended  rule  of  thumb) 
to  guard  against  this  insidious  force,  A 
magnetized  component  anywhere  in  the 
tape  path  will  create  some  hiss  and  per- 
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manent  loss  of  high-frequency  signal 
whether  you’re  recording  or  simply  play¬ 
ing  back  a  tape. 

Fortunately,  head  demagnetizes  are 
inexpensive  accessories  available  from 
all  deales,  and  using  one  property  takes 
less  than  a  minute.  Start  by  turning  your 
recorder  off  and  removing  all  tapes  from 
the  immediate  vicinity.  Remove  the 
head  covers  {you  should  have  done  this 
already  for  the  physical  cleaning);  and, 
holding  the  tape-head  degausser  at 
arm's  length,  plug  it  in,  push  its  "on”  but¬ 
ton  (if  it  has  one),  and  bring  it  in  close 
proximity  to  each  of  the  surfaces  that 
contact  the  flowing  tape.  Then,  with  the 
demagnetizer  still  on,  withdraw  it  slowly 
and  smoothly.  Turn  it  off  when  it  is  at 
arm’s  length  from  the  machine  and  the 
job  is  done.  Note:  to  avoid  any  danger  of 
scratching  the  tape  heads,  it  is  a  good 
idea  to  put  a  piece  of  plastic  tape  over 
the  tip(s)  of  the  degausser,  (Because  of 
differences  in  physical  design,  it  is  not 
possible  to  get  every  tape-head  demag¬ 
netizer  to  the  heads  of  every  recorder. 
Check  with  your  dealer  to  make  sure 
there  will  be  no  problem.) 

For  most  audiophiles,  lubrication  of  a 
recorder  is  best  left  to  a  yearly  visit  to  the 
service  technician.  Too  much  is  as  great 
a  danger  as  too  little!  Obviously,  though, 
bearings  and  sliding  and  rotating  sur¬ 
faces  must  have  lubricants.  If  you  want 
to  do  the  job  yourself,  follow  the  manu¬ 
facturer’s  instructions  carefully. 

Caring  for  Tape.  Tape  care  is  no  less 
important.  Always  keep  tapes  in  their 
containers  when  not  in  use,  and  put  tape 
reels  on  edge— not  piled  atop  one 
another.  I  recommend  the  professional 
practice  of  leaving  tapes  in  a  played ,  not 
a  fast-wound  condition,  for  the  latter 
tends  not  only  to  create  an  unevenly 
wound  tape  "pack,"  but  also  to  put  inter¬ 
nal  stresses  on  the  tape  layers  that  may 
cause  damage.  For  the  same  reason, 
it’s  a  good  idea  to  play — not  rewind — a 
tape  at  least  twice  a  year.  Avoid  storing 
tapes  next  to  a  radiator,  in  the  immedi¬ 
ate  vicinity  (within  2  to  3  feet)  of  strong 
magnetic  fields  (loudspeakers,  motors, 
or  power  transformers  in  hi-fi  equip¬ 
ment),  or  In  a  car  trunk  during  warm 
weather.  Given  proper  care,  your  tapes 
should  outlast  their  owner! 

Accidental  erasure,  especially  of  the 
high  frequencies,  is  something  to  worry 
about.  I  once  ruined  a  $35  test  tape  by 
using  a  screwdriver,  that  I  didn’t  know 
was  magnetized,  for  some  head  adjust¬ 
ments;  and  a  friend  once  tearfully  played 
for  me  a  master  tape  on  which  his  five- 
year-old  had  momentarily  placed  a  mag¬ 


net  from  the  kitchen  memo  board,  "to 
see  if  it  would  stick.”  The  magnet  didn’t, 
but  the  once-around  blip  did. 

To  assess  the  potential  dangers,  I 
consulted  several  experts  and  found 
they  agreed  that  most  fears  about  acci¬ 
dental  damage  from  magnetic  fields — 
generated  by  radar,  house  wiring,  home 
appliances,  power  transformers,  and 
even  loudspeakers — are  exaggerated. 

The  reasons  are  two  formidable- 
sounding  but  relatively  straightforward 
factors:  "tape  coercivity”  and  “the  in¬ 
verse  square  law.”  Coercivity  is  simply 
an  index  of  the  amount  of  magnetic  en¬ 
ergy  necessary  to  erase  a  tape  and  is 
measured  in  oersteds  (Oe).  Tapes  gen¬ 
erally  have  a  coercivity  in  the  280-  to 
450-Oe  range,  but  this  value  is  a  kind  of 
an  average  (some  oxide  particles  re¬ 
quire  more  field,  some  less,  for  erasure). 
The  consensus  among  the  experts  was: 
a  good  rule  for  general  tape  safety  is  to 
keep  the  absolute  peak  level  of  stray 
fields  to  less  than  10  per  cent  of  the  tape 
coercivity.  For  ferric-oxide  tapes,  this 
amounts  to  25  to  30  Oe,  and  for  chromi¬ 
um-dioxide  tapes,  45  Oe,  One  gentle¬ 
man  reported  measuring  a  magnetic 
field  of  only  1 0  Oe  at  the  case  of  an  elec¬ 
tric  drill,  so  it  surely  would  be  safe  to  use 
in  the  vicinity  of  most  tapes.  (In  fact, 
home-appliance  motors  aren’t  that  dif¬ 
ferent  in  principle  from  those  used  in 
tape  decks.)  However,  for  really  critical 
tapes,  it  was  suggested  that  external 
fields  should  be  kept  below  about  10 
and  1 5  Oe  for  iron  and  chrome  tapes,  re¬ 
spectively,  since  high  frequencies  tend 
to  be  more  easily  erased. 

The  other  factor  is  a  function  of  dis¬ 
tance.  Even  a  bulk  tape  eraser  that  may 
generate  a  powerful  1 ,000-0e  field  mea¬ 
sured  at  a  distance  of  Vi  inch  measures 
only  one  fourth  that  field  at  one  inch,  and 
one  sixteenth  at  two  inches.  That’s  the 
effect  of  the  inverse  square  law,  and  it 
holds,  generally,  for  magnetic  record¬ 
ings.  Thus,  even  a  few  inches  of  separa¬ 
tion  from  potentially  damaging  fields — 
magnetic  latches  on  cabinets  for  exam¬ 
ple — can  prevent  signal  damage. 

You  can  measure  steady-state  or 
“permanent”  fields  (around  a  speaker 
cabinet  or  from  magnetized  tape  heads, 
guides,  and  capstans)  with  an  inexpen¬ 
sive  ($6.80)  magnetometer  from  R,  B. 
Annis,  1101  N.  Delaware  St.,  Indianapo¬ 
lis,  Ind.  46202.  Multiply  your  readings  by 
ten  or  even  a  bit  more  on  recorder  parts 
that  touch  the  tape  directly.  You’ll  find 
with  speakers  that  the  magnetic  “leak¬ 
age”  field  varies  from  model  to  model 
and,  of  course,  the  point  on  the  cabinet 
at  which  it  is  measured.  O 


Blueprint  For 

No  matter  what  system 
you  own,  a  new  Empire 
phono  cartridge  is  certain 
to  improve  its  performance. 

The  advantages  of 
Empire  are  threefold. 

One,  your  records  will 
last  longer.  Unlike  other 
magnetic  cartridges, 
Empire's  moving  iron 
design  allows  our  diamond 
stylus  to  float  free  of  its 
magnets  and  coils.  This 
imposes  much  less  weight 
on  the  record  surface  and 
insures  longer  record  life. 

Two,  you  get  better 
separation. The  small, 
hollow  iron  armature  we 
use  allows  for  a  tighter  fit 
in  its  positioning  among 
the  poles.  So,  even  the 
most  minute  movement  is 
accurately  reproduced  to 
give  you  the  space  and 
depth  of  the  original 
recording. 

Three,  Empire  uses 
4  poles,  4  coils,  and  3 
magnets  (more  than  any 
other  cartridge)  for  better 
balance  and  hum  rejection. 

The  end  result  is  great 
listening.  Audition  one  for 
yourself  or  write  for  our 
free  brochure,  “How  To 
Get  The  Most  Out  Of  Your 
Records”  After  you  com¬ 
pare  our  performance 
specifications  we  think 
you’ll  agree  that,  for  the 
money,  you  cant  do 
better  than  > 

Empire.  \  ^ 
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An  Introduction  to  Gyrator  Theory 

How  inductors  can  be  simulated 

using  resistors,  capacitors ,  and  op  amps , 


A  GYRATOR,  believe  il  or  not.  is  an 
inductor  without  any  turns  of  wire. 
Although  the  theory  behind  this  interest¬ 
ing  circuit  has  been  established  for 
some  time,  only  within  the  past  few 
years  have  synthesized  inductors  been 
used  on  a  wide  scale.  Before  we  exam¬ 
ine  the  gyrator  in  detail,  let's  review 
some  basic  properties  of  inductors. 

A  pure  inductance  is  a  circuit  element 
whose  opposition  to  the  Mow  of  alternat¬ 
ing  current  (inducf/ve  reactance)  varies 
directly  with  frequency.  At  dc  or  zero 
hertz,  the  ideal  inductor  has  zero  ohms 
of  resistance  (a  perfect  conductor)  and 
zero  ohms  of  reactance.  Therefore,  we 
can  say  that  it  also  has  zero  ohms  of 
impedance— the  vector  sum  of  re¬ 
sistance  and  reactance.  However,  as  we 
move  into  the  realm  of  ac,  the  reactance 
of  an  inductor  increases  according  to  the 
formula  XL  -  2-n/L;  where  XL  is  mea¬ 
sured  in  ohms;  f  (frequency)  in  hertz; 
and  L  (inductance)  in  henries.  Its  re¬ 
sistance  remains  zero  ohms,  At  infinite 
frequency,  the  inductor  has  infinite 
reactance,  and  will  permit  no  ac  to  flow. 

So  far  we  have  been  talking  about  an 
ideal  inductor  Aciually,  every  inductor 
has  a  certain  amount  of  resistance  and 
capacitance  as  well  as  inductance.  As 
shown  in  Figs.  1A  and  IB,  an  iron-core 
inductor  can  be  modeled  as  an  induc¬ 
tance  in  series  with  a  resistance.  R1: 
and  this  combination  is  in  parallel  with  a 
capacitance  and  series  resistance.  R2, 
An  air-core  inductor  (Figs.  2 A  and  2B) 
behaves  as  an  inductance  and  series  re¬ 
sistance  R  T  would.  In  both  cases.  L  is 
the  inductance  of  the  coil,  and  R1  is  the 
resistance  of  the  wire  which  comprises 
the  coil.  The  iron-core  inductor  contains 
two  additional  elements,  R2  and  C, 
which  represent  losses  within  the  core. 
With  dc,  there  are  no  core  losses,  and 
consequently,  our  model  s  C  permits  no 
current  to  flow  ihrough  R2,  At  higher  and 
higher  frequencies,  core  losses  in¬ 
crease.  Thus,  in  our  model,  increased 
current  flows  through  R2  as  the  capaci¬ 
tors  reactance  decreases, 

Synthesizing  an  Inductor.,  By  com¬ 
bining  resistors  and  a  capacitor  with  a 
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gain  stage,  we  can  create  a  circuit  which 
appears  to  the  "outside  world"  as  a  real 
inductor  To  understand  how,  we  will 
analyze  the  inductor  models  (Figs  IB 
and  2B)  in  terms  of  “port  admittance/' A 
po/t  is  a  point  through  which  energy  can 
enter  or  leave.  In  the  case  of  an  electri¬ 
cal  circuit,  it  can  consist  of  a  pair  of  ter- 
mrnals  to  which  a  circuit  element  is  con¬ 
nected.  The  inductors  and  their  models 
in  Figs.  1  and  2  are  ports,  and  when  a 
voltage  source  is  connected  across 
them,  an  imput  voltage  (VtN)  is  applied 
an  an  input  current  (l,N  )  flows 

Admittance,  measured  in  mhos,  is  the 
reciprocal  of  impedance  In  other  words, 
admittance  is  the  ratio  of  curreni  to  volt- 
age.  If  an  element's  admittance  is  zero 
mhos,  no  current  will  flow  through  it  no 
matter  how  high  the  voltage  is  across  it. 
Such  an  element  is  a  perfect  insulator  or 
open  circuit.  On  the  other  hand,  an  ele¬ 
ment  with  infinite  admittance  will  con¬ 
duct  infinite  current,  even  if  a  low  voltage 
source  is  connected  across  it.  tt  is  a  per¬ 
fect  conductor  or  a  short  circuit  Combin¬ 
ing  these  two  terms,  port  admittance  is 
the  ratio  of  the  current  flowing  into  the 
port  {f|N)  to  the  voltage  across  the  port 

Referring  to  Fig.  IB,  we  can  see  that 
resistors  flf  and  R2  set  the  limits  of  port 
impedance  ai  both  very  high  and  very 
low  frequencies.  At  dc,  the  admittance  of 
the  inductor  L  is  infinite  (a  short  circuit), 
and  only  Rf  limits  the  current  through  it. 
Capacitor  C  behaves  as  an  open  circuit 


with  zero  admittance,  so  R2is  removed 
from  the  circuit.  At  an  infinite  frequency 
L  is  an  open  circuit  and  Rf  is  removed 
from  the  circuit.  However;  C  is  a  short 
circuit  and  current  through  it  is  limited 
only  by  R2.  Between  these  frequency 
extremes,  L  will  determine  the  port's 
admittance,  because  it  is  much  larger 
than  C. 

The  port  admittance  of  the  air-core 
coil  at  dc  is  simply  the  reciprocal  of  re¬ 
sistance  Rf,  since  L  has  infinite  admit¬ 
tance.  At  an  infinite  frequency,  the  pon 
admittance  is  zero,  because  the  induc¬ 
tance  acts  as  an  open  circuit,  and  no  in¬ 
put  current  can  flow. 

Analyzing  the  Gyrator.  Now  lets 
apply  these  concepts  to  the  gyrator  cir¬ 
cuits  (Figs.  1 C  and  2C),  As  in  the  equiv¬ 
alent  circuits,  Rf  represents  the  ohmic 
resistance  of  the  coil  wire,  and  C  and  R2 
are  core  losses  which  increase  in  step 
with  the  applied  frequency.  However, 
something  new  has  been  added — a  gain 
stage.  Any  active  device  can  be  used, 
but  here  we  choose  an  op  amp  for  its 
simplicity,  high  gain,  almost  infinite  input 
impedance,  and  very  low  output  imped¬ 
ance  The  gyrator  op  amps  are  strapped 
for  unity-gam,  noninverting  operation. 
So,  within  the  frequency  limits  of  the  de~ 
vice  (assume  infinite  bandwidth),  the 
voltage  at  the  output  is  exactly  the  same 
as  that  at  the  noninverting  input. 

If  we  apply  a  dc  voltage  across  the  in¬ 
put  terminals  of  Fig.  1C.  capacitor  C 


ir 
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Fig*  t,  l  vo  rt- rare  inductor  (A)  can  he  modeled  an  ahottm  in  (B) 
tt  ml  xi  mutated  using  the  gyrntor  circuit  irr  (C). 


POPULAR  ELECTRONICS 


Fig.  2.  An  air-core  coil  (A)  has  an  equivalent  circuit  shown 
in  (B),  Op  amp  gyrator  (C)  simulates  the  coil's  behavior . 


does  not  conduct,  and  the  voltage  at  the 
noninverting  input  is  zero.  The  output  is 
also  at  ground  potential,  and  because 
the  op  amp  has  very  high  output  admit¬ 
tance  (low  output  impedance),  we  can 
safely  say  that  R1  is  connected  across 
the  port.  So,  tiN  will  flow  only  through 
Rf.  This  agrees  with  the  behaviour  of 
the  equivalent  circuit  of  Fig.  IB.  The  port 
admittances  are  maximized  at  dc,  limit¬ 
ed  only  by  the  values  of  both  Rf’s  (as¬ 
sumed  to  be  equal). 

At  inlinite  frequency,  C  is  a  short  cir¬ 
cuit,  and  therefore  the  voltage  at  the  op 
amp’s  noninverting  input  (as  well  as  that 
at  the  output)  is  equal  to  V)N.  Since  there 
is  no  voltage  drop  across  Rft  it  is  effec¬ 
tively  removed  from  the  circuit.  The  only 
admittance  path  is  through  R2  to 

PROPERTIES  OF  GYRATORS 

Advantages 

1.  Immunity  to  ambient  magnetic  fields;  no 
coupling  or  crosstalk  between  “induc¬ 
tors." 

2.  Very  small  size  required  tor  large  val¬ 
ues  of  inductance. 

3.  Inexpensive,  use  readily  available  com¬ 
ponents. 

4*  Accurately  predictable  “saturation”  lev¬ 
els. 

5.  Parameters  can  be  fixed  by  choice  of 
resistors. 

Disadvantages 

1.  Active  device  generates  noise  (can  be 
held  to  low  levels  if  proper  devices  are 
selected). 

2.  More  complex  circuits  are  required  to 
simulate  “floating"  inductors. 

3.  Inductors  with  low  series  resistance  and 
high  ament  handling  characteristics 
are  difficult  and  impractical  to  simulate, 
as  the  circuits  require  high-power  active 
devices. 

4.  Simulated  inductors  are  frequency  limit¬ 
ed  by  their  active  devices'  usable  band- 
widths  and  stew  rates  (nol  a  problem  at 
aucflo  frequencies  in  most  cases). 


ground,  which  is  the  same  behavior  we 
noted  in  the  equivalent  circuit. 

For  frequencies  between  zero  and  in¬ 
finity,  C  and  R2  ad  as  a  high-pass  filter, 
causing  less  and  less  voltage  drop 
across  R1  as  frequency  increases,  and 
thus  less  port  admittance  until  R^s  limit¬ 
ing  effect  comes  into  play.  The  reactive 
characteristics  of  the  capacitor  have 
successfully  been  inverted  or  gyrated  so 
that  the  port  behaves  as  an  inductor. 
The  equivalent  inductance  in  henries  is 
expressed  by  the  formula  L  =  (R1)  (R2) 
(C),  with  resistances  in  ohms  and  capa¬ 
citance  in  farads. 

With  the  addition  of  two  resistors,  an 
air-core  inductor  can  be  simulated.  Air- 
core  coils  have  essentially  no  “core*' 
loss,  and  therefore  have  no  parallel  re¬ 
sistance  in  their  equivalent  circuits.  Be¬ 
cause  of  this  the  gyrator  (Fig.  2C)  uses 
the  additional  resistors  to  set  the  gain  of 
the  op  amp.  When  the  values  are  prop¬ 
erly  selected,  they  provide  enough  gain 
to  compensate  for  R2s  losses  at  high 
frequencies.  But  the  amount  of  gain 
must  be  carefully  chosen — otherwise 
the  circuit  might  oscillate!  If  R3  equals 
R1  and  R4  equals  R2,  the  circuit  will  be 
stable  and  exhibit  no  parallel  resistance. 
In  practice,  however,  little  is  gained  over 
the  circuit  of  Fig.  1C  as  long  as  the  ratio 
R2/R1  is  at  least  90  to  100,  because  the 
effects  of  parallel  resistance  are  negligi¬ 
ble  in  most  audio  applications  commonly 
encountered. 

Practical  Design,  In  synthesizing  a 
useful  “inductor,”  the  same  basic  rules 
that  govern  the  optimization  of  wound 
coils  should  be  followed.  For  example, 
series  resistance  Rf  should  be  kept  as 
small  as  possible  and  parallel  resistance 
R2  as  large  as  possible.  This  corre¬ 
sponds  to  a  coil  wound  from  the  heavi¬ 
est  wire  practicable  on  the  least  lossy 
core  available.  For  best  performance, 


Rf  should  be  no  lower  than  the  op 
amp's  minimum  recommended  load  re¬ 
sistance,  which  falls  between  100  and 
2000  ohms  for  common  op  amp  types. 
The  largest  acceptable  value  for  Rf  is 
desirable,  so  as  not  to  load  the  op  amp 
too  much,  thus  preventing  high  distor¬ 
tion  and  heating  effects.  To  simulate  a 
high-quality  toroidally  wound  coil,  R2 
should  be  at  least  100  times  greater 
than  R1 ,  but  not  so  large  as  to  become  a 
major  contributor  to  the  op  amp’s  input 
noise.  As  a  rule  of  thumb,  keep  Rf 
around  1000  ohms  and  R2  between  10 
kilohms  and  1  megohm. 

Once  the  values  of  Rf  and  R2  have 
been  chosen,  use  the  formula  C  =  U 
(R7)(R*y  to  find  the  required  capaci¬ 
tance  in  farads.  At  least  100  pF  should 
be  used  to  avoid  the  detuning  influences 
of  stray  capacitances. 

It  is  important  to  keep  the  op  amp 
functioning  within  acceptable  circuit  and 
signal  parameters.  If  for  any  reason  it 
begins  to  deviate  from  the  role  of  a  volt¬ 
age  follower,  the  “inductor”  won’t  work 
properly.  Input  signals  must  lie  within  the 
operating  bandwidth  of  the  device,  and 
their  amplitudes  must  not  cause  the  out¬ 
put  stages  to  clip.  In  a  gyrator,  clipping  in 
the  gain  stage  is  analogous  to  core  satu¬ 
ration,  which  can  cause  high  distortion 
levels. 

However,  this  is  not  usually  a  prob¬ 
lem  with  gyrators.  Because  they  will 
most  often  be  operated  from  the  same 
power  supplies  that  other  audio  stages 
use,  they  will  not  start  to  clip  until  the 
other  amplifiers  do.  Unlike  iron-core 
coils,  whose  saturation  characteristics 
are  functions  of  core  material,  size, 
number  of  turns,  and  applied  current, 
the  gyrator’s  saturation  point  is  accu¬ 
rately  predictable,  and  does  not  occur 
before  the  other  active  stages  of  the  sys¬ 
tem  also  saturate  or  clip. 

Using  either  of  the  gyrators  we  have 
examined  will  result  in  high-quality  coils 
with  inductances  ranging  from  millihen¬ 
ries  to  hundreds  or  thousands  of  hen¬ 
ries.  Commonly  available  parts — includ¬ 
ing  relatively  small  capacitors — can  be 
employed?  Added  benefits  include  high 
magnetic  field  immunity  and  saturation 
characteristics,  and  (paradoxically) 
small  amounts  of  required  printed  circuit 
board  “real  estate.”  However,  there  is 
one  limitation.  The  gyrators  we  have  de¬ 
scribed  are  single  ended.  That  is,  one 
side  is  grounded.  To  simulate  "floating” 
inductors,  neither  side  of  which  is  con¬ 
nected  to  ground,  more  complex  circuits 
using  two  op  amps  can  be  designed.  But 
such  gyrators  are  beyond  the  scope  of 
this  article.  O 
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"ZAP" 

NEW  LIFE  INTO 
DEAD  Ni-Cd  BATTERIES 


That  dead  cell  may  not  be  completely  gone. 

A  properly  applied  high  current  can  often  clear  a 
fault ,  making  the  cell  useful  again. 


BY  DOUGLAS  C.  MYERS 


tire  25  mA  and  each  cell's  potential  is 
1 .25  volts,  OhmHs  Law  tells  us  that  each 
cell  sees  the  equivalent  load  of  50  ohms. 
Ideally,  the  four  cells  deliver  identical 
performance  andH  hence,  share  the  load 
equally. 

In  practice,  no  four  cells  in  a  battery 


THE  NICKEL-CADMIUM  celt  is  a  pa¬ 
radox.  Capable  of  being  charged 
many  hundreds  to  many  thousands  of 
times,  it  occasionally  fails  long  before  its 
claimed  life  cycle  comes  to  an  end.  Most 
people  simply  replace  a  cell  that  has 
failed  with  a  new  cell.  Considering  that 
most  Ni-Cd  cell  failures  are  reversible, 
this  is  a  waste  of  money. 

In  this  article,  we  will  discuss  the  most 
common  reason  for  eariy  Ni-Cd  cell  fail¬ 
ure  and  how  the  great  majority  of  all  fail¬ 
ures  can  be  reversed.  The  procedure 
described  here  will  restore  just  about 
any  dead  Ni-Cd  cell  to  provide  its  entire 
claimed  useful  life. 

Why  Cells  Fail.  In  general,  most  de¬ 
vices  powered  by  Ni-Cd  cells  employ 
more  than  a  single  cell.  As  the  battery  of 


cells  is  discharged  and  recharged,  the 
time  available  between  recharges  re¬ 
duces.  Almost  invariably,  this  is  due  to 
the  weakening  of  a  single  cell  in  the  bat¬ 
tery. 

To  understand  the  cause  of  such  a 
failure — one  cell  ‘dead"  while  the  others 
are  still  good— refer  to  Fig.  1,  a  sche¬ 
matic  of  a  typical  Ni-Cd  power  supply  for 
small  battery-powered  devices.  Without 
the  charging  source  connected  to  the 
circuit,  the  200-ohm  load  "sees"  5  volts 
and  draws  25  mA  from  the  battery  of 
cells.  Since  each  cell  must  pass  the  en¬ 
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Fig ,  J,  Schematic  of  a  typical 
NiCd  supply  for  a  small  load. 


ever  exhibit  exactly  the  same  output 
voltage.  Assume  that  one  cell  is  deliver¬ 
ing  only  1,20  volts,  while  the  other  cells 
are  delivering  their  rated  1,25  volts. 
Now,  the  200-ohm  load  sees  4.95  volts 
and  draws  2475  mA.  Since  all  four  cells 
must  pass  the  entire  2475  mA,  each  of 
the  strong  cells  at  1.25  volts  sees  an 
equivalent  load  of  50.5  ohms.  This 
means  that  the  weak  cell  sees  only  48.5 
ohms.  While  this  does  not  seem  to  be 
too  unequal  a  distribution,  note  that  the 
weak  cell  is  working  into  the  heaviest 
load  and,  as  a  result,  wilt  discharge 
more  rapidly  than  the  other  cells  in  the 
battery.  Similarly,  when  the  cells  are  re¬ 
charged  for  only  a  short  period  of  time, 
the  weak  cell,  which  has  been  working 
the  hardest,  is  also  the  one  that  receives 
the  least  charging  power. 

This  unequal  loading  and  recharging 
is  of  little  consequence  in  normal  opera¬ 
tion.  The  inequality  is  smalt  for  any  given 
charge  or  discharge  cycle,  due  to  the 
relatively  flat  output  voltage  Ni-Cd  cells 
exhibit  over  most  of  their  range.  And  a 
good  charge  tends  to  equalize  any  ener¬ 
gy  differences  between  cells.  However, 
during  heavy  usage,  one  is  tempted  to 
“quick  charge"  the  battery  just  enough 
to  restore  service.  A  combination  of 
shallow  charges  and  deeper-than-nor- 
mal  discharges  tends  to  exaggerate  the 
energy  difference  between  a  weak  cell 
and  the  other  cells  in  the  battery  system. 
Operated  continually  in  this  manner,  the 
weak  cell  inevitably  reaches  its  "knee/* 
the  point  at  which  its  voltage  decreases 
sharply,  long  before  the  other  cells 
reach  the  same  point. 

At  the  knee,  the  picture  changes  dra¬ 
matically.  Suddenly,  the  weakest  cell 
sees  an  increasingly  heavy  load,  which 
causes  its  voltage  to  drop  even  faster. 
This  avalanche  continues  until  the  cell  is 
completely  discharged,  even  as  the  oth¬ 
er  cells  continue  to  force  current  to  flow. 
The  inevitable  result  is  that  the  weak  cell 
begins  to  charge  in  reverse,  which  even¬ 
tually  causes  an  internal  short. 

Once  an  internal  short  develops,  re¬ 
charging  the  cell  at  the  normal  rate  is  fu¬ 
tile.  The  short  simply  bypasses  current 
around  the  cell's  active  materials.  (Even 
though  the  cell  is  apparently  dead,  most 
of  its  plate  material  is  still  intact.)  If  the 
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small  amount  of  material  that  forms  the 
short  could  be  removed,  the  cell  would 
be  restored  to  virtually  its  original  capac¬ 
ity  once  again. 

Clearing  the  Short,  Using  the  circuit 
shown  in  Fig,  2,  the  internal  short  can  be 
burned  away  in  a  few  seconds.  In  opera¬ 
tion,  energy  stored  in  the  capacitor  is 
rapidly  discharged  through  the  dead  cell 
to  produce  the  high  current  necessary  to 
clear  the  short.  Current  is  then  limited  by 
the  resistor  to  a  safe  charge  rate  for  a 
small  A  cell. 

Several  applications  of  discharge  cur¬ 
rent  are  usually  necessary  to  clear  a 
cell.  During  the  "zapping”  (restoration) 
process,  it  is  a  good  idea  to  connect  a 
voltmeter  across  the  cell  to  monitor  re¬ 
sults.  Momentarily  close  the  normally 
open  pushbutton  switch  several  times  to 
successively  zap  the  cell,  allowing  suffi¬ 
cient  time  for  the  capacitor  to  charge  up 
between  zaps,  until  the  voltage  begins 
to  rise.  Then,  with  the  toggle  switch 
closed,  watch  as  the  potential  across  the 
cell  climbs  to  1.25  volts.  If  the  potential 


CHARGE 


Fig.  2 .  Shorted  cell  is  cleared 
by  energy  stored  in  capacitor . 


stops  before  full  voltage  is  reached, 
some  residual  short  still  remains  and 
another  series  of  zaps  is  in  order.  If  you 
observe  no  effect  whatsoever  after  sev¬ 
eral  zaps  and  shorting  out  the  cell  and 
taking  an  ohmmeter  measurement  indi¬ 
cates  a  dead  short,  the  cell  is  beyond  re¬ 
demption  and  should  be  replaced. 

Once  full  cell  potential  is  achieved,  re¬ 
move  the  charging  current  and  monitor 
battery  voltage.  If  the  cell  retains  its 
charge,  it  can  be  returned  to  charge  and 
eventually  restored  to  service.  But  if  the 
cell  slowly  discharges  with  no  apprecia¬ 
ble  load,  the  residual  slight  short  should 
be  cleared.  To  do  this,  short  circuit  the 
cell  for  a  few  minutes  to  discharge  it,  zap 
again,  and  recharge  it  to  full  capacity. 

Not  all  Ni-Cd  cells  can  be  restored  by 
the  method  described  here,  but  most 
can.  After  restoration,  a  cell's  life  expect¬ 
ancy  will  be  roughly  the  same  as  that  of 
the  other  cells  taken  from  the  same 
service  application.  O 
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For  maximum 
CB  performance, 
know  you're 
exactly 

"on-channel"  with 
B&K- PRECISION'S 
NEW  FREQUENCY 
COUNTER! 


1827  $120 


For  the  serious  CBer,  the  1827  and 
accessory  signal  tap  provide  digital 
readout  of  transmit  frequency  mobile 
or  base  on  all  40  channels.  For  best 
range  and  signal  clarity,  your  trans¬ 
mitter  should  be  operating  exactly 
on  the  assigned  channels.  The  only 
way  to  accurately  check  this  is  with  a 
frequency  counter. 

The  new  B&K-PRECISION  Model  1827 
is  a  full-feature  battery  portable  fre¬ 
quency  counter  for  only  $120. 

•  Typically  reads  to  50MHz  with  1Hz 
resolution 

•  6-digit  display  with  switch  allow¬ 
ing  8-digit  accuracy 

•  Completely  portable,  use  it  in 
mobile  or  base 

•  Optional  SA-10  signal  tap  avail¬ 
able  for  constant  output  frequency 
measurements 

•  Full  range  of  optional  accessories 
available 

Available  for  immediate  delivery  at 
your  local  distributor. 

DVNASCAN 

CORPORATION 

6460  West  Cortland  Avenue 
Chicago,  Illinois  60635  •  312/809-9087 
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Some  of  the  most  exciting  electronic  kits  ever  to  come  along  are 
described  in  this  NEW  Heathkit  Catalog. 


NEW!  Learn-at-home  Electronics  Courses 

The  famous  Heathkit  learn-at-home  electronics 
courses  are  now  in  use  by  thousands  and  they've 
proven  to  be  a  really  ef  fee  live  and  low-cost  way  to 
learn  about  electronics  for  funt  for  knowledge  and  for 
profit  Two  new  courses  include  the  Electronics  Cir¬ 
cuits  course  which  covers  most  basic  circuits  and  an 
Amateur  Radio  Novice  License  course  that's  GUAR¬ 
ANTEED  to  help  you  get  your  ticket  fast  and  easy! 

NEW!  Aircraft  Clock  Timer 

The  01-1154  gives  you  everything  you  need  for  pre¬ 
cise  flight  timing.  Two  bright  red  LED  displays  show 
GMT  or  ZULU  time,  and  any  one  of  four  other  func¬ 
tions:  local  time;  24-minute  timer  with  minute  and 
second  display;  24-hour  trip  timer;  and  an  alarm  time 
for  fuel  management  and  check  point  notification. 
It's  FAA/PMA  approved  and  meets  DO-160  environ¬ 
mental  requirements. 

GR-2001  Digital  "Programmable”  Color  TV 

The  color  TV  that  gives  you  MORE  convenience  and 
versatility  than  EVER!  Simply  “program"  It  to  change 
channels  at  times  you  select  for  an  entire  evening  — 
then  just  Sit  back  and  relax.  The  GR-2001  automati¬ 
cally  changes  channels  when  you  want  it  to,  and  you 
can  even  program  it  to  rotate  your  outdoor  antenna 
for  the  best  possible  reception  on  each  channel. 

Complete  Electronics  Library 

The  new  Heathkit  catalog  is  your  low-cost  source  for 
electronics  books  of  every  description.  Our  complete 
selection  includes  the  latest  books  on  microcom¬ 
puters  and  microprocessors,  digital  devices,  Ama¬ 
teur  and  Shortwave  radio,  television  repair,  test  and 
service  equipment,  radio  control,  automotive,  gen¬ 
eral  reference  and  lots  more. 

NEW!  High-performance  frequency  counters 

Our  new  "family"  of  frequency  counters  gives  you 
the  accuracy  and  flexibility  you  NEED  for  frequency 
measurements  all  the  way  to  1  GHz.  All  feature  bright 
red  LED  0-diglt  readouts,  gate  and  overrange  indi¬ 
cators.  They  also  function  as  events  counters,  period 
and  period  averaging  meters.  The  IM-4110  covers  5 
Hz  to  110  MHz;  the  IM-4120  covers  5  Hz  to  250  MHz; 
and  the  IM-4130  covers  5  Hz  to  1  GHz, 

NEW!  Our  “Budget-Priced”  Stereo  Receiver 
The  new  AR-1219  AF-FM  stereo  receiver  pulls  in 
plenty  of  stations  and  gives  you  the  power  you  want 


for  easy  listening  In  most  any  room.  15  watts,  mini¬ 
mum  RMS,  per  channel  into  8  ohms  with  less  than 
0.5%  total  harmonic  distortion  from  20-20,000  Hz, 
It  s  a  quality  receiver  with  smart  new  styling  that's 
bound  to  please  music  lovers  on  a  budget,  and  it's  an 
easy  and  fun  kitbuilding  project,  great  for  first-time 
builders. 

PLUS  nearly  400  other  superb,  easy-to-build,  money¬ 
saving  products.  You’ll  find  a  complete  line  of  digital 
electronic  clocks  and  weather  instruments,  plus  use¬ 
ful  and  unique  items  for  your  car,  home  or  office. 
There  are  many  more  exciting  products  to  read  about 
too!  Home  convenience  Items  like  a  practical  freezer 
alarm,  a  touch-control  light  switch,  intercoms  and  a 
unique  programmable  doorbell.  Automotive  instru¬ 
ments  and  accessories,  marine  equipment,  model  air¬ 
craft  Radio  Control  gear,  security  systems  and  more. 
Plus  our  world-famous  Amateur  Radio  equipment  and 
test  and  service  instruments. 

These  are  among  the  nearly  400  quality,  fun-to-build 
kits  described  in  this  new  Heathkit  catalog.  Kits  for 
every  interest.  All  with  the  world-famous  Heathkit 
assembly  manual— a  step-by-step  instruction  guide 
that  makes  kitbuilding  easy  and  leaves  nothing  to 
chance.  And  all  backed  by  our  **We  won't  let  you 
fail"  promise.  Find  out  about  the  satisfaction,  savings 
and  FUN  of  kitbuilding. 
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FREE  copy  today! 
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Build  a  PINK  NOISE  GENERATOR 
for  AUDIO  TESTING 


Uses  a  new  MOS  noise  generator  IC. 

BY  DENNIS  BOHN 


AN  INCREASING  number  of  audio¬ 
philes  are  incorporating  graphic 
equalizers  into  their  hi-fi  music  systems. 
The  new  component  is  most  often  used 
as  a  "super"  lone  control  that  offers  a 
degree  of  frequency  response  compen¬ 
sation  beyond  the  capabilities  of  bass 
and  treble  controls.  However,  adjusting 
10  to  30  controls  to  compensate  for 
acoustic  deficiencies  in  the  listening 
room  can  be  challenging.  This  proj¬ 
ect— a  pink  noise  generator — makes  the 
job  a  little  easier.  It  provides  a  reference 
signal  for  performing  equalizer  adjust¬ 
ments,  and  uses  just  one  IC  and  a  few 
passive  components. 

The  IC,  National  Semiconductor's 
MM5837,  is  a  digital  pseudo-random  se¬ 
quence  generator  which  will  produce  a 
broadband  white  noise  signal  for  audio 
applications  that's  converted  to  pink 
noise  by  a  passive  filter.  Unlike  tradition¬ 
al  semiconductor  junction  noise 
sources,  the  MM5S37  provides  uniform 
noise  quality  and  output  amplitude.  Af* 
though  it  was  originally  developed  with 
electronic  organs  and  synthesizers  in 
mind,  it  Is  equally  suited  to  room  equali¬ 
zation  applications.  A  block  diagram  of 
the  MM5837  is  shown  in  Figr  1 . 


White  v*.  Pink  Noise.  The  output  of 
the  MM5837  is  broadband  white  noise. 
Since  pink  noise  is  used  in  most  audio 
work,  it  is  helpful  to  understand  the  dif* 
ference  between  the  two. 

White  noise  is  a  composite  signal  with 
contributions  from  all  frequencies  and  a 
spectral  density  substantially  indepen¬ 
dent  of  frequency  (equal  energy  per 
constant  bandwidth).  It  is  characterized 
by  a  3-dB  increase  In  amplitude  per  oc¬ 
tave  of  frequency  change.  In  compari¬ 
son.  pink  noise  has  a  flat  amplitude  re¬ 
sponse  per  octave  of  frequency  (equal 
energy  per  octave).  Pink  noise  allows 
correlation  between  successive  octave 
equalizer  stages  by  insuring  that  the 
same  amplitude  of  input  signal  is  used 
for  each  as  a  reference. 

The  network  required  to  convert  white 
noise  to  pink  noise  is  simply  a  -3-dB/ 
octave  low -pass  filler;  but  it  presents  an 
interesting  problem  in  circuit  design.  If 
capacitive  reactance  (and  thus  the  re¬ 
sponse  of  a  simple  RC  or  first-order  fil¬ 
ter)  varies  at  a  rate  of  -6  dB/octave* 
how  can  a  slope  of  less  than  -6  dB/ 


octave  be  obtained?  The  solution  lies  in 
cascading  several  stages  of  lag  com¬ 
pensation  so  that  the  zeros  of  one  stage 
partially  cancel  the  poles  of  the  next 
stage.  Such  a  network,  shown  in  Fig,  2, 
has  a  -3'dB/octave  characteristic  (±H 
dB)  from  10  to  40,000  Hz. 

The  complete  pink  noise  generator  in 
Frg.  3  gives  a  flat  spectral  distribution 
(per  octave)  over  the  audio  band  from 
20  to  20,000  Hz.  An  1 1 .5-V  p-p  random 
pulse  train  appears  at  pin  3  of  the  IC, 
and  is  attenuated  by  the  filter.  The  actual 
output  across  C5  is  about  1  V  p-p  ac  of 
pink  noise  riding  on  an  8.5- V dc  level. 

Construction.  Since  the  circuit  is  fair¬ 
ly  simple,  it  can  be  constructed  on  a 
small  circuit  board  using  printed  circuit, 
point-to-point  wiring,  or  Wire-Wrap  tech¬ 
niques.  Resistors  in  the  filter  network 
should  have  close  tolerances.  Premium- 
grade  tantalum  and  polystyrene,  ceram¬ 
ic,  and  film  capacitors  are  recom¬ 
mended.  Observe  standard  precautions 
in  handling  the  MOS  device*  and  use  an 
IC  socket  or  Mole*  Soldercons.  o 


PARTS  LIST 


Ftp.  2 ,  Low-pass  filter  with 
-3-dB/octave  response. 


CS  —  l-pp,  35- V  tantalum  capacitor 
C2 — 0.27-iiF,  35-V  tantalum  capacitor 
C3t  C4— 0  047-p.F  capacitor 
C5—O.G33*pF  capacitor 
C<5 — 100-piF*  35-V  electrolytic  capacitor 
tOt — MM5837  noise  generator  IC 
R  J — 6800-ohm,  Vi-W*  5 %  resistor 
R2 — 3000-ohm,  to-W,  5%  resistor 
R3~-  1000-ohm,  Vi- W,  5%  resistor 
R4— 300-ohmt  Vi-W*  5%  resistor 
Misc. — Circuit  board,  15- volt  regulated  sup¬ 
ply,  output  jack,  output  connector*  EC  sock¬ 
et  or  Molex  Soldercons*  hookup  wire*  sol¬ 
der*  suitable  enclosure,  etc. 


T 


Fig,  3,  Schematic 
diagram  of  the 
pmk  noisi? 
generator*. 
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AVERAGE,  PEAK,  AND  RMS  VALUES 

What  is  meant  by  the  various  w&y$  of  specifying  a c  potentials  and  currents. 

BY  HECTOR  FRENCH. 


WHEN  dealing  with  dc  potentials, 
there  is  no  ambiguity  about  what 
kind  of  voltage  is  meant,  A  dc  volt  is  a  dc 
volt,  When  it  comes  to  ac  voltage,  how¬ 
ever.  the  picture  is  very  different  and  of¬ 
ten  confusing.  For  example,  a  potential 
specified  as  1 00  volts  ac  has  little  or  no 
meaning  unless  it  is  followed  by  an  iden¬ 
tifier  like  "peak/*  "rms/'  "average/1  or 
"effective/1  each  of  which  has  a  different 
meaning  from  the  others. 

To  Illustrate  what  we  mean,  consider 
your  common  1 1 7-voit  ac  power-line  po¬ 
tential.  This  figure  specifies  the  rms  volt¬ 
age  of  the  power  line.  The  peak  potential 
is  actually  164.66  volts,  which  is  39.8% 
greater  than  the  rms  potential  The  aver¬ 
age  potential,  at  1 1%  lower  than  the  rms 
potential,  is  104.52  volts. 

The  peak  voltage  is  the  maximum  po¬ 
tential  of  the  entire  waveform  This  volt- 


and  capacitor  are  simply  reversed.) 

The  average  voltage  is  important  for 
two  different  reasons.  First,  it  is  easy  to 
find  with  simple  circuits,  Second,  it  is 
reliably  close  to  the  rms  voltage  with 
sine  waves,  The  basic  circuit  for  finding 
the  average  ac  voltage  is  illustrated  in 
Fig.  2 

In  this  case  the  output  is  a  senes  of 
half-waves  of  the  same  polarity.  (Again, 
to  change  Ihe  output  voltage  polarity, 
simply  reverse  the  diodes.)  A  meter 
placed  between  the  output  point  and 
ground  provides  the  reading  and  is  usu¬ 
ally  calibrated  with  a  scale  that  is  corrv 
pressed  just  the  right  amount  to  give  a 
relatively  accurate  rms  reading  with 
sine-wave  signals.  This  is  the  type  of  cir¬ 
cuit  used  in  most  ac  voltmeters  ranging 
from  inexpensive  portable  to  expensive 
laboratory  instruments. 


put  rn  terms  of  rms  with  sine  waves. 
What  about  nonsinusoidal  waveforms? 
If  we  take  a  117’vott  sine  wave  and 
allow  only  one  alternation  in  10  to  come 
through,  the  peak  potential  is  still  1 64  66 
vnlts.  Since  only  a  half  wave  out  of  every 
10  cycles  comes  through,  our  average 
potential  would  be  divided  by  10 
(104.52/10  10.452  volts). 

If  we  allow  only  one  alternation  in  10 
cycles  to  come  through  for  a  1 17-volt  ac 
rms  waveform,  we  cannot  simply  divide 
by  10  to  find  the  new  rms  potential,  First, 
we  must  square  117,  which  yields 
1 3,689  Then,  we  find  the  average  by  di¬ 
viding  13,689  by  10,  yielding  1368,9  Fi¬ 
nally,  we  must  find  the  square  root  of 
1368.9.  which  results  in  37  volts  rms. 
This  last  figure  is  a  long  way  from  the  av¬ 
erage  reading  of  this  one-in- 10  wave¬ 
form,  even  when  the  average  scale  is 


peak 


Fig.  L  Simp/e  RCand 
diode  circuit  in  used 
to  /bid  peak  potential* 


Fit i  2 ,  Series  of  half 
iunMJi  fa  mMQamred  fo 
find  average  value- 


age  is  extremely  important  for  designing 
the  insulation  of  high-voltage  ac  circuits. 
An  1 1 ,500-volt  (rms)  line,  for  example, 
has  a  peak  potential  of  1 1 ,500  +  4577  = 
16*077  volts.  That  difference  of  more 
than  4500  volts  must  be  considered 
when  specifying  components. 

The  peak  potential  is  easy  to  find  with 
the  circuit  shown  in  Fig.  1 . 

The  capacitor  charges  up  to  the  peak 
voltage  during  the  first  positive  alterna¬ 
tion  of  the  ac  input.  The  charge  then 
slowly  drains  off  through  the  resistor  un¬ 
lit  the  next  positive  alternation  comes 
along  (For  a  negative  output,  the  diode 


At  this  point,  you  are  probably  won¬ 
dering  where  rms  voltage  comes  into  the 
picture.  Well,  the  purpose  of  the  rms 
measurement  is  to  specify  the  dc  volt¬ 
age  that  has  the  same  power  capacity 
as  the  ac  voltage  it  represents.  "Rms” 
stands  for  "root  mean  squared/’  which 
is  shorthand  for  saying  that  to  find  the 
rms  voltage,  you  must  square  the  ac 
waveform,  find  the  average  of  the 
squared  waveform,  and  find  the  square 
root  of  that  average.  About  the  only  sim¬ 
ple  way  of  showing  an  rms  detector  sys¬ 
tem  is  as  in  Fig.  3. 

The  average-law  circuit  gives  an  out- 


compressed  to  indicate  in  make-believe 
rms  Using  the  compressed  scale,  the 
indicated  reading  would  be  almost  70% 
tow! 

As  you  can  see  from  the  foregoing, 
when  dealing  with  pure  sinusoidal  wave¬ 
forms,  you  can  use  a  peak-,  average-,  or 
rms-indicating  circuit  to  convert  from 
one  type  of  ac  voltage  to  another  without 
introducing  errors.  But  when  you  are 
dealing  with  nonsinusoidal  waveforms, 
watch  out.  All  your  readings  might  be  so 
grossly  inaccurate  as  to  be  useless  for 
anything  other  than  to  indicate  the  pres¬ 
ence  or  absence  of  a  potential.  O 


Fig*  3*  Simple  hioek  diagram  of  an  rms  detector  circuit 
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BUILD  A 


SOLAR  CONTROLLER 


Electronic  temperature  comparator 
for  solar  energy  systems  or  attic  fans 

-  BY  JERALD  M.  COGSWELL  - 


THE  SEARCH  for  new  energy 
sources  has  encouraged  amateurs 
as  well  as  professional  engineers  to  ex¬ 
periment  with  solar  energy  hardware  as 
used  *n  space  heating.  A  typical  solar 
heating  system  consists  of  three  func¬ 
tional  parts:  solar  energy  collection,  heat 
storage,  and  heat  distribution.  Automatic 
controls  are  required  to  operate  the 
fans,  blowers,  pumps,  etc,  and  coordi¬ 


nate  operation  of  the  overall  system. 

Because  the  backyard  (or  rooftop)  ex¬ 
perimenter  may  be  discouraged  by  the 
high  cost  or  unavailability  of  suitable 
controls,  the  Solar  Controller  described 
here  should  come  in  very  handy.  It  can 
be  built  for  about  $35  and  can  be  easily 
adapted  to  turn  on  attic  fans  when  need¬ 
ed,  It  thus  reduces  the  cooling  toad  and 
prevents  costly  over-running  of  fans. 


Fig*  f ,  Comparator  ICI  turns  on  or  off  depending  on  resistances  of 
TDR1  and  TDR2.  IVHen  1C1  is  ont  Q1  and  the  relays  are  energized , 


Ftg-  2.  The  power  supply  for  the  solar  controller  is  standard 
design  and  provides  regulated  positive  and  negative  outputs. 

JULY  1377 


The  Solar  Controller  is  a  temperature 
comparator  that  turns  on  a  blower  or 
pump  when  the  air  or  fluid  in  the  solar 
collector  is  at  a  sufficiently  high  temper¬ 
ature  to  justify  a  transfer  to  the  storage 
medium.  In  the  fan  application,  control  is 
by  the  temperature  difference  between 
the  attic  and  outside  air  (or  between  ceil¬ 
ing  and  floor  of  a  large  room). 

Circuit  Operation,  The  basic  con¬ 
troller  circuit  is  shown  in  Fig.  1,  In  lC1t  a 
voltage  comparator,  the  resistances  of 
two  temperature-dependent  resistors 
(TDRl  and  TDR2)  are  compared,  with 
TDR1  placed  in  the  storage  medium  and 
TDR2  in  the  solar  collector.  When  TDRt 
is  warmer  than  TDR2,  its  resistance  is 
higher  and  the  higher  voltage  at  the  in- 
verterting  (-)  input  to  tCI  keeps  its  out- 


PARTS  LIST 

Cl  ,C2 — 0.05-^F,  ceramic  disc  capacitor 
C3.C5— 50G-|jlF,  25-V  electrolyse  capacitor 
C4,C6 — 200-p.F,  25- V  electrolytic  capacitor 
Dl — General -purpose  silicon  rectifier  diode 
D2,D3 — 12-V,  l-W  zener  diode  (LN4742,  or 
simitar) 

D4 — 6-V,  1-W  zener  diode  (1N4734  or  simi¬ 
tar) 

1C)  — 710  voltage  comparator 
Kl — 12- V,  600-ohm  coil  relay 
K2 — 24- V,  10-ampcrc  contacts  relay 
Q 1  — 2N3392  transistor 
Q2,Q3— 2N5295  transistor  (or  simitar) 

Ri — 7500-ohm,  WW  resistor 
R2.R3 — ‘5000-ohm  multi-turn  trimmer  poten¬ 
tiometer 

R4 — 10,000’Ohm.  VW  resistor 
R5.R6.R7 — 170-ohm,  KW  resistor 
Tl,T2— I2.6-V,  300-mA  transformer  (Radio 
Shack  273-1385  or  similar) 

TDR 1  ,TDR2 — TG- 1/8 ,  100-ohm.  ±5%  Sena¬ 
tor 

Misc, — Suitable  enclosure,  perforated  or  pc 
board,  socket  for  ICl,  twin  lead  cable  for 
sensors,  heat  sinks£2),  power  cord,  mount¬ 
ing  hardware. 

Note:  The  Seashore  are  available  from  Texas 
Instruments  semiconductor  dealers,  or  from 
Texas  instruments.  2916  Holmes  St,,  Kan¬ 
sas  City,  MO  64109  at  $2,40  each 
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pul  in  the  fow  state.  When  TDR2  gets 
warmer,  the  voltage  across  It  gets  higher 
and,  when  it  is  about  5  millivolts  higher 
than  the  voltage  across  TDRlt  the  out¬ 
put  of  ICI  goes  high. 

When  this  happens,  transistor  01  is 
turned  on  and  activates  low-power  relay 
K1.  The  latter,  in  turn,  activates  a  24-volt 
heavy-duty  relay,  K2,  which  handles  the 
power  requirements  of  the  system. 

Capacitors  Cl  and  C2  prevent  tran¬ 
sients  from  affecting  the  inputs  of  ICI, 
Trimmer  potentiometers  R2  and  R3  are 
used  to  preset  the  voltages  on  ICI.  Di¬ 
ode  Of  is  a  general-purpose  silicon  rec¬ 
tifier  used  to  protect  the  contact  of  Kt  If 
desired.  Of  can  be  replaced  by  a  power 
transistor  (such  as  RCA  40594)  and  one 
of  the  relays  can  be  eliminated. 

The  power  supply  for  the  Solar  Con¬ 
troller  is  shown  in  Fig.  2. 

Construction.  All  components  except 
the  power  transformer  and  relays  can  be 
mounted  on  a  3"  x  6"  piece  of  perforated 
board  or  pc  board.  Use  small  solder 
dips  for  connections  to  TDR1,  TDR2 
and  the  relay.  The  entire  system  can  be 
mounted  in  any  type  of  enclosure.  Use  a 
heat  sink  for  Q2  and  Q3 . 

The  temperature  sensors  can  be 
mounted  at  a  distance  from  the  rest  of 
the  circuit  provided  the  resistance  of  the 
interconnecting  leads  does  not  exceed  a 
few  ohms.  Use  #14  wire  or  conventional 
slender  twin  leads.  Solder  the  leads  to 
the  sensors  carefully  (and  quickly)  and 
anchor  the  soldered  ends  in  silicone  or 
epoxy.  Be  sure  the  bodies  of  the  resis¬ 
tors  are  exposed  to  insure  fast  thermal 
response  to  temperature  changes. 

Adjustment.  Set  trimmer  potentiome¬ 
ter  R2  at  about  its  3 /4-resistance  point. 
Then  place  the  body  of  TDR1  in  a  bowl 
of  water  that  has  been  heated  to  the  av¬ 
erage  temperature  you  expect  in  the 
storage  medium.  Place  TDR2  in  another 
bowl  of  water  that  is  between  5°  and 
10QF  hotter  than  the  first  bowl.  You  will 
have  to  determine  the  exact  tempera¬ 
ture  difference  you  want  the  circuit  to  de¬ 
tect. 

Once  both  temperature  sensitive  de¬ 
vices  are  in  their  water  bowls,  and  the 
water  temperature  difference  is  what 
you  want,  adjust  trimmer  R3  until  relay 
K1  activates.  The  circuit  can  be  made  as 
sensitive  as  your  needs  demand.  Note 
also  that  although  the  device  appears 
passive  when  both  probes  are  at  room 
temperature,  a  gust  of  warm  breath,  or 
the  touch  of  a  finger  on  TDR2\  or  a  drop 
of  cool  water  on  TORI ,  will  cause  K1  to 
be  energized,  O 


Portable 

60-Hz  "CLOCK” 
OSCILLATOR 

Crystal-controlled  time  base  for  field  use. 

BY  CHARLES  F.SMfTH 


MOST  digital  clocks  and  sports  tim¬ 
ers  are  energized  by  the  ac  line — 
not  so  much  for  power  as  for  the  60-Hz 
frequency  that  is  used  as  the  time  base. 
This  means  that  such  digital  devices 
cannot  be  used  in  vehicles  or  boats  or 


GND 


60Hr 

OUTPUT 


Fig *  I.  Schematic  of  circuit 


GND 


PARTS  LIST 


CJ — L2-pF,  35- V  tantalum  capacitor 
C2 — 6-36~pF  trimmer  capacitor 
C3 — 30-pF  capacitor 

1C1 — MM5369  programmable  oscillator/ 

divider,  Tor  use  with  a  3.58-MHz  crystal 
(National) 

R 1  — 20-megohm  V*  watt  resistor 
XTAL — 3.579545-MHz  color-TV  crystal 
Note:  The  following  are  available  from  Bill 
Godbout  Electronics,  Box  2355,  Oakland 
Airport,  CA  94614:  ciched  and  drilled  pc 
board  (068)  at  $2.50;  complete  kit  of  parts, 
including  board  at  $5.95.  California  resi¬ 
dents,  please  add  6%  sales  lax. 


for  timing  outdoor  events  that  are  not 
near  an  ac  power  outlet. 

The  60-Hz  crystal-controlled  time 
base  described  here  (Fig.  1)  can  be 
powered  by  any  dc  supply  between  3 
and  15  volts.  It  has  low  power  consump¬ 
tion,  is  stable  within  2  parts  per  million 
and  is  small  enough  to  fit  inside  the  case 
of  many  digital  clocks  and  timers. 


How  It  Works.  The  integrated  circuit 
used  in  this  time  base  is  an  MM5369,  a 
recently  introduced  17-stage,  mask-pro¬ 
grammable  oscillator/divider.  Although 
masking  options  are  available  for  use 
with  almost  any  crystal  frequency,  the  1C 
used  operates  with  a  low-cost,  readily 
available  3.58-MHz  color-TV  crystal  and 
delivers  60  Hz  at  its  output  pin.  Trimmer 
capacitor  C2  allows  for  exact  frequency 
adjusting,  and  a  buffered  3.58-MHz  out¬ 
put  is  available.  Current  drain  is  approxi¬ 
mately  1 .2  mA  with  a  1 0-volt  supply. 

Construction.  Because  of  the  high 
frequencies  involved,  a  small  pc  board 
(or  perforated  board)  such  as  that 
shown  in  Fig.  2  should  be  used.  Figure  2 
also  shows  component  installation. 
Since  the  1C  is  a  MOS  type,  take  the 
usual  precautions  when  installing. 

Adjustment.  If  you  have  a  frequency 
counter,  or  a  calibrated  oscilloscope, 
check  for  the  presence  of  3.579545  MHz 
at  pin  7  of  the  1C.  You  can  adjust  trimmer 
capacitor  C2  for  the  correct  value.  If  you 
do  not  have  a  frequency  counter,  use 
the  Lissajous-figure  approach  with  a 
scope,  with  the  output  of  a  conventional 
6-volt  transformer  as  the  horizontal 
sweep  and  the  output  of  ICI  pin  1  for  the 
vertical  signal.  Adjust  C2  until  a  very 
slow-moving  square  appears  on  the 
scope,  if  you  have  neither  a  counter  nor 
a  scope  and  are  planning  to  use  the 
dock  with  a  portable  timing  device,  use 
some  form  of  accurate  time  signals  such 
as  those  from  WWV,  CHU,  etc.,  to  start 
the  timer  at  a  one-minute  “beep”  and 
stop  it  at  the  next  minute  “beep."  Adjust 
C2  to  obtain  the  correct  time  interval.  O 


Fig*  2.  Actual-size  etching 
and  drilling  guide  ( far 
right)  and  component 
layout.  Components  are 
mounted  on  nonfoil  side » 
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POPULAR  ELECTRONICS 


Announcing  the  NEW  STANDARD  in  Stereo  Testing! 

Getthe  All-New  Model  SR12  STEREO  TEST  RECORD 

The  most  complete... most  sophisticated... most  versatile 
Test  Disc  available  today...  for  Just  $Q95t 


smrb  FUh  wN 


STEREO  TEST 
RECORD 

MODEL  SR© 

FOR  HOME  AND  LABORATORY  USE 

A  A  HlCHLVfFnEClEVt  AJVO  ACCURATE  TOOL  Ik 
JM  FOH  SCmNC  UP.  *OJUSTW(#.  AWi  4- 

EVALUATING  SfFflEO  SYSTEMS  WM 


Like  its  predecessor  Model  211, 
MODEL  SRI 2  has  been  pro¬ 
duced  by  Stereo  Review  Maga¬ 
zine  (formerly  HiFt/Stereo  Re¬ 
view)  as  a  labor  of  love  —  by 
music  lovers  ♦ . .  for  music  lovers 
who  want  immediate  answers  to 
questions  about  the  perform¬ 
ance  of  their  stereo  systems  and 
how  to  get  the  best  possible 
sound  reproduction. 

Now  greatly  expanded  and  up¬ 
dated  with  the  most  modem 
engineering  techniques.  MODEL 
SRI 2  is  the  most  complete  test 
record  of  its  kind  —  containing 
the  widest  range  of  checks  ever 
included  on  one  test  disc.  An 
ear-opener  for  every  serious 
listener! 


Who  Needs  the 
New  Model  SRI 2? 

If  you’ve  read  this  far, 
you  do.  Whether  you’re 
an  avid  audiophile 
who’ll  settle  for  nothing 
but  peak  performance 
from  his  stereo  com¬ 
ponents  ...  a  casual 
listenerwho'd  like  more 
insight  into  the  chal¬ 
lenging  world  of  stereo 
reproduction  ...  or  a 
professional  technician 
who  needs  precise 
standards  for  lab  test¬ 
ing  .. .  the  new  MODEL 
SRI 2  will  be  the  most 
important  disc  in  your 
entire  collection. 


You’ll  make  these  important  stereo  checks  BY 
EAR . . .  ( no  test  instruments  o f  any  kind  required ) 

Frequency  response— a  direct  warble-lone  check  of  nineteen 
sections  of  the  frequency  spectrum,  from  20  to  2Dr940  H l,  which 
wiEE  pinpoint  any  frequency  response  defects  in  your  system 

Separation— an  ingenious  test  which  indicates  whether  you  have 
adequate  separation  for  good  stereo. 

Cartridge  tracking— the  most  sophisticated  tests  ever  devised 
for  checking  the  performance  af  your  cartridge,  stylus  and 
tone  arm 

Channel  balance— two  broad-band,  random-noise  signals  which 
permit  you  (o  eliminate  any  Imbalances  originating  in  cartridge, 
amplifier,  speakers  or  room  acoustics. 

Hum  and  rumble— foolproof  tests  that  help  you  evaluate  the 
actual  audible  levels  of  rumble  and  hum  in  your  system. 

Flutter— a  sensitive  "musical"  test  to  check  whether  your  turn- 
table's  flutter  is  low,  moderate,  ar  high. 

•  Cartridge  and  Speaker  Phasing  •  Anti*  Skating 

Adjustment  •  "Gun  Shot  Test"  for  Stereo  Spread  • 
Multi-purpose  Musician's  "A"  *  Equal-tempered  Chromatic 
Octave  *  Guitar-tuning  Tones. 


Don’t  waste  another  minute  on  lesa-than-perfect 
stereo^— Order  Your  Model  SR  12  Stereo  Test 
Record  NOW! 

Consider  the  hundreds— even  thousands— you've  spent  on  your  set¬ 
up  and  you'll  agree  $6  9$  ts  a  smalt  price  to  pay  for  the  most  valuable 
performance  tool  ever  made.  So  to  be  sure  your  order  is  promptly 
filled  from  (he  supply  available,  mail  the  coupon  at  right  with  your 
remittance  iodayr 


CHARGE  YOU!  ORDER  TO  YOUR  AMERICAN 
EXPRESS,  BANKAMERICARD,  MASTER 
CHARGE  m  DINERS  ClUB  ACCOUNT 


AND,  for  the  ultimate  in  stereo 

testing,  7  critical  TEST  EQUIPMENT  checks  .  .  . 

Attention  professionals:  Stereo  Review  s  new  Model  5R12  Stereo  Test 
Record  is  also  designed  to  be  used  a$  a  highly  efficient  design  and 
measurement  loo!  In  the  following  tests,  recorded  levels,  frequencies, 
etc.  have  been  controlled  to  laboratory  lolerances— affording  accurate 
numerical  evaluation  when  used  with  oscilloscope.  Chart  recorder,  out¬ 
put  meter,  intermodulalion-disiortion  meter  and  flutter  meter. 

•  1pGQ0'Hz  square  waves  to  test  transient  and  high*frequency  response 
of  phono  pickups. 

•  500  lo  20,000  Hz  frequency-response  sweep. 

•  Sine-wave  tone-bursts  to  test  transient  response  of  pickup. 

•  Intermodulation  lest  using  simultaneous  400-Hz  and  4rOQ0-Hz  signals. 

•  tntermoduiaiion  sweep  to  show  distortion  caused  by  excessive  res¬ 
onances  in  lone  arm  and  cartridge, 

•  i.QQQ-Hz  reference  tones  to  determine  groove  velocity 

•  3.000Hz  tone  for  flutter  and  speed  tests. 

Sample  waveforms— illustrating  both  accurate  and  faully  responses  are 
provided  in  the  Instruction  Manual  for  comparison  with  the  patterns 
appearing  on  your  own  oscilloscope  screen. 

FREE  Instruction  Manual  Includes  Detailed 
Instructions,  Charts,  Tables  and  Diagrams* 

Nothing  ps  left  to  chance  *  or  misinterpretation.  Every  segment  of 
every  band  i$  lully.  clearly,  graphically  explained.  You'll  know  exactly 
what  responses  to  listen  for  in  each  test,  Which  sounds  and  patterns 
indicate  accurate  performance  .  which  ones  spell  trouble  .  as  well 
as  the  cause  of  (rouble  and  precise  correcdve  measures  to  follow 
and  hulp  you  pinpoint,  analyze  and  cure  your  stereo  headaches’ 


Zlff-DaviS  ServsCr  Division,  Dfpt.  R.  595  Ekoadwiy,.  New  York,  H  Y  1001 Z 
r,  the  $RlI?  Stereo  Tc&t  Rfcort)  i  16. 55,  festpau:]  p£  .77  ■ 

<$S  95  eutsido  U  S.AJ. 

Entln&.oi  i$  A  _ _ at  Cai*fT1  Col.T  Fla.,  III.,  MichT,  MoT, 

N.Y.  State,  OX.  and  lex.  Jcttt  applicable  sales  tax,}  | 

1“  CHARGE  It  Bafili  Amflncard:  Mailer  Charge 

American  En  press  .  Diners  Cfub 

Account  ~ _ .Ftp,  Datf  - „ - -  I 

Master  Chirt?  In  ter  bant,  * _ numbers  aver  your  name)  ! 

5  ij1:  nature _ _ _ _ _ _ _ _ _  1 

T’rint  Nam*' _ _ _ _  I 

AddfEts _ _ _ _ _  1 

City _ _ St*l& _  Zip _ _  1 
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ONE-TOUCH 
DIODE  TESTER 

Identities  good/bad  diodes ,  and  tells 
which  end  is  anode/cathode, 

BY  DAVID  MARKEGARD 


MOST  electronics  experimenters 
seem  to  have  plenty  of  diodes 
in  their  junk  boxes — either  salvaged 
from  old  equipment  or  purchased  at  low 
bulk  prices.  The  problem,  usually,  is  to 
find  out  which  ones  are  good,  which  are 
bad,  and,  in  the  case  of  the  former, 
which  end  is  which  (cathode  or  anode). 
Of  course,  most  diodes  can  be  tested 
using  a  conventional  ohmmeter.  How¬ 
ever,  there  are  simpler  ways,  and  one  is 
to  use  the  diode  checker  described 
here.  Simply  by  touching  a  diode’s  leads 
to  its  binding  posts  (in  either  polarity), 
you  can  tell  whether  or  not  it  is  good  and 
identify  the  anode  and  cathode. 

How  It  Works.  Op  amp  ICl  forms  a 
simple  square-wave  oscillator  whose 
output  swings  from  almost  full  positive  to 
full  negative  levels  with  respect  to 
ground. 


unknown  diode  lead  connected  to  BP1 
is  easily  identified. 

Construction.  The  circuit  can  be  as¬ 
sembled  on  a  small  piece  of  perforated 
board  and  mounted  in  small  enclosure 
along  with  the  batteries  in  holders.  The 
two  binding  posts  and  the  power  on/off 
switch  should  be  mounted  about  an  inch 
apart  on  top  of  the  enclosure.  Put  the 
two  LED’s  in  rubber  grommets  near  BP1 
and  identify  them  properly. 

Before  installing  the  LED's,  be  sure 
they  are  of  equal  brightness.  The  values 
of  R1,  R2t  R3t  and  Cl  can  be  varied  if 
the  specified  values  are  not  availa¬ 
ble — as  long  as  the  circuit  oscillates. 

Use.  Connect  a  diode  to  be  tested  be¬ 
tween  the  two  binding  posts.  If  only  one 
LED  glows,  the  diode  is  good  and  the 
glowing  LED  will  identify  the  cathode.  If 


PARTS  LIST 

B I  ,B2 — 9-volt  battery 
BP  I  ,BP2 — Five-way  binding  post 
Cl — 0. 1-p.F  capacita¬ 
te  I — 74 1  op  amp 

LEDI.LED2 — Red  LED  (about  equal  bright¬ 
ness) 

R 1  — 68 ,000 -ohm  resistor 
R2.R3 — 10.000-ohm  resistor 
SI— Dpst  switch 

Misc, — Perforated  board,  socket  for  ICl,  bat¬ 
tery  holder,  suitable  enclosure,  grommets 
for  LED’s,  mounting  hardware,  etc. 


/ 


ICl  is  square-wave  oscillator.  Tested  diode  turns  on  either  LED . 


If  a  good  diode  is  connected  between 
BP1  and  BP2  with  its  cathode  toward 
BP1 ,  LED1  is  forward  biased  and  glows. 
LED2  remains  dark  because  it  is  reverse 
biased.  If  the  diode  is  reversed  so  that 
its  anode  is  at  BP1t  LED2  glows  and 
LED1  is  dark.  With  the  LED’s  properly 
identified  and  placed  close  to  BP1,  an 
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both  LED’s  glow,  the  diode  is  shorted.  If 
neither  LED  glows,  the  diode  is  open. 

Transistor  junctions  can  be  tested  by 
connecting  the  collector  to  BP1  and  the 
base  to  BP2 .  If  LED1  glows  and  is 
brighter  than  LED2 ,  the  transistor  is  npn. 
If  LED2  glows,  or  is  brighter  than  LEDf, 
the  transistor  is  pnp.  O 


SAVE! 

MONEY  •  TIME  •  FREIGHT 

k  QUALITY  stereo  equipment 
AT  LOWEST  PRICES. 

V-YOUR  REQUEST  FOR  QUOTA- 
TION  RETURNED  SAME  DAY 

C  FACTORY  SEALED  CARTONS— 
GUARANTEED  AND  INSURED. 

Jk*  SAVE  ON  NAME  BRANDS  LIKE: 
ST  A.D.C.  KLH 

A.R.  SHURE 

DYNACO  KOSS 

SONY  FISHER 

PIONEER 

AND  MORE  THAN  50  OTHERS 
BUY  THE  MODERN  WAY 
BY  MAtL-FROM 

..BO. 

Department  217S 
12  East  Delaware 
Chicago,  Illinois  60611 
312-664-0020 

OKU  »0  Z3  ON  Rtf  INFORMATION  CARD 
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Chances  are,  the  name  on  his  radio  will 
be  Motorola.® 

The  same  Motorola  that  now  makes  a 
CB  radio  for  your  car. 

Like  our  professional  radios,  a  Motorola 
CB  is  exceptionally  simple  to  operate. 

It  has  features  like  gain  control,  audio 
compression,  and  noise  limiting  built  in, 
fully  automatic. 

The  result  is  truly  outstanding  talk/ 
listen  performance.  Because  the  radio  is  in 
control.  Rather  than  vou. 

A  digital  phase  lock  loop  synthesizer 
makes  tuning  precise.  Again,  automatically. 

A  professional -quality  3J4-inch  top 
fire  speaker  produces  an  audio  fidelity 
that  must  be  heard  to  be  fully  appreciated. 

A  Motorola  CB  is  completely  solid  state 
and  standardly  equipped  with  a  power  mic 
that  doesn’t  have  batteries  that  can  fail. 

That  doesn’t  cost  extra. 


Of  course,  there’s  one  feature  a  Motorola 
CB  offers  that’s  not  in  the  specs. 

And  that’s  reliability. 

Police  get  it 
with  the  name 
Motorola. 

So  can 

you.  a 


Motorola  CB 

From  the  voice  of  experience  in  2- way  radio. 


Tm  find  lire  dealer  ficurc**  ymiv  vm\t  Cummer  Rvlatinn*  Managtt,  \lnnunla  Ine  t  Aut<  involve  fhn*tiKits  Divtstirfi,  1299  Ea si  Atgnnquin  kd  .  Schaumburg.  IU)iwns6(H9b 
re^i^ered  trademark  of  MiMimili  I  nr 
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MAGAZINES  AT  DISCOUNT! 


Here's  your  chance  for  a  real  bargain  bonanza  on  your  favorite 
magazines.  You  may  select  as  many  as  five  of  these  titles  at  the 
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Solid  State 


By  Lou  Garner 


IC’s  FOR  TEST  INSTRUMENTS 


SURPRISING  as  it  may  seem,  solid-slate  test  instruments 
were  manufactured  and  used  long  before  the  transistor  it¬ 
self  was  invented  Featuring  crystal  diode  circuitry,  the  early 
units  were  relatively  simple  instruments—  r-f  test  probes, 
square-wave  clippers,  oscilloscope  calibrators,  dc  reference 
voltage  sources,  outboard  signal  generator  modulators,  etc. 
Historically,  the  transistor's  first  significant  commercial  use 
was  in  hearing  aids.  Shortly  thereafter,  however,  the  recently 
invented  device  found  its  way  into  pocket  AM  radio  receivers 
and,  almost  simultaneously,  into  portable  test  instruments 
With  its  small  size  and  low  voltage  and  current  requirements, 
compared  to  the  then  standard  vacuum  tube,  the  new  device 
was  certainly  ideal  for  such  applications  Initially,  its  use  was 
limited  to  such  products  as  signal  tracers,  simple  meter  am* 
plifiers,  and  limited-range  signal  generators  Later,  as  better 
transistor  designs  were  developed  and  manufacturing  lech' 
niques  refined,  transistors  found  their  way  into  rrt  signal  gen¬ 
erators,  function  generators,  oscilloscopes,  O-meters,  and 
even  microwave  gear  As  time  passed,  other  solid-state  de- 


automatic  ranging,  frequency  synthesis,  automatic  unit  con¬ 
version.  and  digital  counting  and  display 

Introduced  recently  by  the  National  Semiconductor  Corpo¬ 
ration  (2900  Semiconductor  Drive.  Santa  Clara,  CA  95051  )t 
the  LH0091  is  one  of  the  latest  IC's  developed  primarily  for 
test  instrument  applications.  Suitable  for  use  in  digital  voltme¬ 
ters  [DVMs)  and  digital  multimeters  (DMM  s)  as  well  as  in 
noise,  vibration,  audio  and  power  meters,  the  new  device  is 
designed  to  generate  a  dc  output  equal  to  the  true  rms  value 
of  any  ac  or  composite  ac/dc  input  signal  from  0  Hz  (dc)  to  2 
MHz.  With  an  inherent  accuracy  of  0.5%  of  reading,  the  de¬ 
vice  can  be  adjusted  using  external  trimming  for  accuracies 
down  to  0.5%.  In  typical  applications,  it  has  an  input  imped¬ 
ance  of  5000  ohms  and  an  output  impedance  of  1  ohm.  When 
operated  with  a  dual  r  15-volt  dc  power  source,  the  LH0091 
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vices  were  added  to  test  instrument  complements,  including 
FETs,  SCR  s,  Iriacs,  diacs.  and  LED's,  culminating  in  the  use 
of  integrated  circuits.  Today,  almost  all  solid-state  test  instru¬ 
ments  use  at  least  one  IC  and  many  a  dozen  or  more.  There 
are,  in  fact,  a  number  of  special-purpose  JChs  designed  speci¬ 
fically  lor  test  instrument  applications. 

For  the  experimenter  and  hobbyist,  the  evolution  of  mi¬ 
grated  circuits  and  the  ready  availability  of  special  purpose 
IC's  has  made  possible  the  home  assembly  of  inexpensive 
but  sophisticated  test  instruments  which  would  be  both  costly 
and  prohibitively  large  if  based  on  the  use  of  either  vacuum 
lube  technology  or  discrete  semiconductor  devices  In  addi¬ 
tion,  the  development  of  complex  IC's  has  permitted  the  effi¬ 
cient  use  of  advanced  design  concepts  and  techniques  in  test 
equipment  design,  including  phase-locked  loops,  gyrators, 
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Ptailic  Package 


BOTTOM  VIEW 


Fig.  2.  National'* 

LM3999  voltage  reference : 

(A)  equivalent  schematic; 

(B)  lead  connections; 

(C)  voltage  calibrator 
using  the  device . 


A 

will  accept  Input  signals  of  up  to  ±  15  volts  peak.  As  shown  In 
the  unit's  simplified  schematic  diagram,  Rg.  1A,  the  1C  in¬ 
cludes  an  uncommitted  amplifier,  A5,  which  may  be  used  for 
filtering,  to  provide  additional  gain,  or  for  other  applications. 
Supplied  in  16-pin  DIP'S,  with  lead  connections  as  identified  in 
Rg,  IB,  the  LH0091  is  available  in  two  versions — one  in  a 
metal  case,  for  the  standard  military  temperature  range  (-55° 
to  +125°  C)  and  the  other  for  commercial  operation  (-25°  to 
+85°  C). 

A  unique  device,  the  LH0091  is,  of  course,  but  one  of  a  sub¬ 
stantial  number  of  IC‘s  developed  specifically  for  test  instru- 
ment  applications.  Special,  as  well  as  general-purpose  IC’s 
useful  in  test  equipment  designs,  are  available  not  only  from 
National  Semiconductor  but  from  virtually  all  other  solid-state 
device  manufacturers,  including  AMI,  Exar,  Fairchild,  Intersil, 
Motorola,  Plessey,  RCA,  Signetics,  Siliconix,  and  Texas  In¬ 
struments. 

Suitable  for  power  supply  and  general  purpose  as  well  as 
test  instrument  applications,  another  National  Semiconductor 
tC,  the  LM3999,  looks  deceptively  like  an  inexpensive  transis¬ 
tor,  for  it  is  assembled  in  a  three-lead,  type  TO-92  plastic 
package.  Despite  its  simple  external  appearance,  however, 
the  unit  is  a  monolithic  precision  voltage  reference  which  com¬ 
bines  a  multi-device  temperature  stabilizing  circuit  with  a  zen- 
er  controlled  regulator,  as  shown  in  its  equivalent  schematic 
diagram,  Rg.  2A.  Its  pin  connections  are  identified  in  Rg.  2B. 
In  operation,  the  LM3999  behaves  as  a  highly  stable  6.95-volt 
zener  diode  with  a  low  dynamic  impedance  of  only  0.5  ohm 
and  an  effective  current  range  from  0.5  to  10  mA.  Accepting 
dc  inputs  from  9  to  36  volts,  the  separately  powered  stabiliza¬ 
tion  circuit  permits  operation  from  0°  to  +70°  C  with  a  temper¬ 
ature  coefficient  of  0.0005%/°C  and  a  long  term  stability  of  20 
ppm.  The  circuit  for  a  portable  voltage  calibrator  circuit,  one  of 
the  many  possible  test  equipment  applications  for  the 
LM3999,  is  given  in  Fig.  2C.  Here,  the  LM3999  is  used  in  con¬ 
junction  with  an  LM31 2  operational  amplifier.  Supplying  a  pre¬ 
cise  10-volt  output  level  for  equipment  calibration,  the  instru¬ 
ment  requires  a  warm-up  time  of  ten  seconds,  but  may  be 
used  intermittently  without  degradation  of  tong  term  stability. 

If  your  instrument  project  plans  include  one  or  more  digital 
meters,  you'll  want  to  investigate  yet  another  new  National 
Semiconductor  device,  the  DM7700,  a  monolithic  1C  which 
contains  all  of  the  active  circuitry,  except  for  display,  needed 
for  a2^-digit  meter.  As  illustrated  by  its  simplified  block  dia¬ 
gram,  Rg.  3A,  the  DM7700  comprises  amplifier,  reference 
voltage,  voltage-fo-frequency  converter,  clock,  time-base, 
counter  and  latch  circuits,  Analog-to-digital  conversion  is 


accomplished  through  the  use  of  a  dual  voltage-to-frequency 
technique.  One  voltage-to-frequency  converter  generates  a 
signal  proportional  to  the  input  voltage  while  the  other  pro¬ 
vides  a  sample  window  and  determines  the  clock  frequency 
for  counting  the  output  of  the  first.  Requiring  +5-  and  -1 5-volt 
dc  sources  for  operation,  the  1C  features  a  temperature  com¬ 
pensated  reference  and  both  autopolarity  and  over-range  out¬ 
put  indicators.  With  an  input  impedance  of  500,000  ohms,  the 
device  offers  a  full-scale  analog  range  of  ±1.99  volts,  a  con¬ 
version  time  of  1  second,  and  an  accuracy  of  ±1.0%.  Two 
versions  of  the  1C  are  offered  by  the  manufacturer,  differing 
only  in  their  temperature  ratings.  The  standard  DM7700  is 
specified  for  operation  from  -20°  to  +95°  C,  the  less  expen¬ 
sive  DM8700  for  operation  from  0°  to  +50°  C.  Both  versions 
are  supplied  in  standard  24-pin  double-width  DIP’S,  with  pin 
connections  as  identified  in  Rg.  3B,  and  both  can  provide 
adequate  current  drive  for  standard  LED  numeric  displays.  A 
typical  application  circuit  for  the  DM7700  (or  DM8700)  is  given 
in  Fig.  3C.  Except  for  the  1C,  the  NSN-33  LED  readout,  and 
the  dc  power  supply,  the  only  components  needed  for  opera¬ 
tion  are  three  capacitors,  three  fixed  resistors,  and  two  poten¬ 
tiometers. 

After  the  multimeter  and  the  oscilloscope,  many  technicians 
feel  that  the  basic  signal  tracer  is  the  next  most  valuable  of 
bench  service  instruments.  Essentially  a  self-contained  audio 
amplifier  with  integral  loudspeaker,  the  signal  tracer  can  be 
used  with  appropriate  accessory  probes  for  checking  radio 
and  TV  receivers,  CB  transceivers,  intercoms,  PA  systems, 
tape  recorders,  record  players,  hearing  aids,  and  stereo  in¬ 
stallations.  The  medium  power  audio  amplifier  IC’s  offered  by 
many  semiconductor  manufacturers  are  ideal  for  assembling 
signal  tracers.  A  typical  circuit  is  shown  in  Fig.  4.  Abstracted 
from  a  Fairchild  Semiconductor  (464  Ellis  St.,  Mountain  View, 
CA  94042)  data  sheet,  the  design  features  a  type  TBA80Q 
monolithic  audio  amplifier  1C.  Assembled  in  a  12-pin  power 
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Fig.  3.  Functional  block  diagram  (A), 
lead  connections!  (B),  and 
typical  application  circuit  (C) 
for  DM7700  analog-to-digital 
meter  converter  iJitegrated  circuit 


package  with  external  cooling  tabs,  the  TBA80G  has  a  max¬ 
imum  voltage  rating  of  30  V  and  a  maximum  peak  current  ca¬ 
pability  of  2  A.  With  a  modest  heat  sink,  the  device  can  deliver 
up  to  5  watts  to  a  16-ohm  load.  At  moderate  output  levels,  the 
amplifier  has  a  specified  frequency  response  flat  within  3-dB 
from  40  Hz  to  20  kHz  and  an  open-loop  gain  of  80  dB,  with  a 
typical  total  harmonic  distortion  of  only  0.5%.  Requiring  but 
80-mV  input  for  full  output,  the  IC's  input  resistance  of  5.0 
megohms  permits  it  to  accept  all  standard  test  probes.  Prop¬ 
erly  matched  to  its  load,  the  TBA800  is  rated  for  75.0%  effi¬ 
ciency  at  full  output.  Referring  to  the  schematic  diagram,  the 
circuit  requires  an  external  24-V  dc  source  for  operation.  This 
may  be  provided  by  batteries  or  by  a  well-filtered  line-operat¬ 
ed  power  supply,  as  preferred.  All  component  values  are 
specified  except  for  C3  and  C7,  which  are  part  of  the  compen¬ 
sation  network.  These  capacitor  values  are  chosen  to  provide 
the  overall  frequency  response  needed  for  the  circuit’s  ap¬ 
plication.  Generally,  C7  will  be  approximately  five  times  as 
large  as  C3.  For  most  projects,  C3  can  be  a  330-pF  low-volt¬ 
age  ceramic  capacitor  and  C7  a  1 500-pF  unit. 

Although  special-purpose  IC's  are  ideal  for  instrument  de¬ 
signs  ranging  from  digital  meters  to  multi-output  function  gen- 
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erators,  operational  amplifiers,  as  a  broad  class,  are  probably 
the  most  versatile  of  all  IC’s  for  general  test  equipment  ap¬ 
plications.  Op  amps  may  be  used,  typically,  in  sine-wave  os¬ 
cillators,  pulse  generators,  oscilloscope  preamps,  active  fil¬ 
ters  for  signal  analysis,  bridge  amplifiers,  frequency  meters, 
and  staircase  generators.  Two  representative  examples  of  the 
many  possible  op  amp  test  equipment  circuits  are  given  in 
Figs.  5  and  6.  Both  circuits  were  abstracted  from  application 
notes  published  by  Intersil,  Inc.  (10900  N.  Tantau  Ave.,  Cu- 


Fig .  5.  Op  amp  Wein  bridge  oscillator 
described  in  an  hitersil  application  note . 


pertino,  CA  95014),  both  feature  FET-input  op  amps,  and  both 
are  designed  for  operation  on  standard  ±  1 5-volt  dual  dc  power 
sources. 

Capable  of  delivering  an  output  signal  of  20  volts  peak-to- 
peak,  the  Wein  Bridge  oscillator  circuit  shown  in  Fig.  5  may  be 
used  either  alone  as  a  test-tone  source  or  as  part  of  a  com¬ 
plete  audio-signal  generator  design*  A  type  8007  op  amp 
serves  as  the  basic  oscillator,  with  a  2N2609  JFET  used  as  a 
feedback  element  to  provide  amplitude  control.  In  operation, 
the  circuit's  output  frequency  is  determined  by  the  values  of 
the  resistors  and  capacitors  in  the  bridge  feedback  network 
and  may  be  calculated  from 

fo  =  1  /2ttRC, 

where  the  frequency,  f0,  is  in  Hz,  R  is  in  megohms  and  C  in 
^F*  Multiple  output  frequencies  may  be  provided  by  using  a 
number  of  different  RC  values,  selected  by  means  of  a  suit¬ 
able  multiposition  switch.  Continuous  frequency  coverage 
within  a  broad  range  can  be  obtained  by  replacing  the  two  fix¬ 
ed  resistors  in  the  feedback  network  with  a  matched-pair  gang 
potentiometer.  The  two  techniques  can  be  combined,  of 
course,  with  switch  selectable  capacitors  establishing  differ¬ 
ent  ranges  and  continuous  coverage  within  each  range  pro¬ 
vided  by  the  ganged  potentiometers. 

Suitable  for  use  in  a  variety  of  test  equipment  designs  from 
counters  to  characteristics  curve  analyzers,  the  staircase  gen¬ 
erator  circuit  illustrated  in  Fig.  6  develops  a  cyclic  stepped  out¬ 
put  signal  waveform.  Its  active  device  complement  includes  a 
type  8043  dual  op  amp,  a  pair  of  low-leakage  diodes,  a  type 
1H5042  CMOS  analog  switch,  and  a  type  311  voltage  com¬ 
parator  In  operation,  a  high-frequency  clock  (square-wave) 
signal  is  applied  to  the  first  op  amp,  half  of  an  8043.  Amplified, 
this  signal  drives  the  second  op  amp,  which,  in  turn,  charges  a 
0.02-p.F  capacitor  in  small  steps  through  a  pair  of  low-leakage 
diodes.  The  capacitor’s  instantaneous  voltage  level  is  con¬ 
tinuously  compared  to  an  externally  applied  dc  reference  by 
the  311  voltage  comparator.  When  the  capacitor  voltage 
reaches  the  preestablished  level,  the  comparator  applies  a 
signal  to  dose  the  analog  switch,  discharging  the  capacitor  to 
end  the  cycle  and  reset  the  circuit.  The  relative  time  width  of 


each  step  is  determined  by  the  initial  clock  frequency  while 
the  number  of  steps  per  cycle  and  hence  the  cyclic  rate  is  es¬ 
tablished  by  the  dc  reference  voltage  applied  to  the  31 1  com¬ 
parator. 

Looking  to  the  future,  the  next  major  evolutionary  step  in 
test  instrument  design  probably  will  be  the  increased  use  of 
microprocessors  and  memory  circuits.  The  use  of  these  de¬ 
vices  will  permit  the  development  of  a  whole  family  of  auto¬ 
matic  test  instruments  ,  .  ♦  units  capable  of  performing  a 
broad  series  of  tests  and,  perhaps,  of  even  changing  the  test 
procedures  on  the  basis  of  initial  results.  More  sophisticated 
future  instruments  may  even  provide  aural  outputs,  telling  the 
service  technician  where  a  circuit  defect  is  located  and  which 
component  or  device  should  be  replaced. 

Reader’s  Circuit.  Faced  with  frequent  power  interruptions 
in  his  area  and  having  electrical  equipment  which  required 
special  start-up  procedures  if  the  ac  power  was  removed  for 
more  than  a  few  seconds,  reader  John  M.  King  (1194  Idylber- 
ry  Road,  San  Rafael,  CA  94903)  devised  the  protective  con¬ 
trol  circuit  shown  in  Fig.  7.  The  control  is  designed  to  maintain 
power-line  contact  with  the  protected  equipment  for  short  in¬ 
tervals  in  the  event  of  a  power  failure,  but  to  disconnect  the 
equipment  if  the  failure  period  exceeds  a  preset  limit. 

As  shown  in  the  schematic  diagram,  line  power  is  applied  to 
the  external  equipment  connected  to  the  dual  outlet  {SOI) 
through  the  contacts  of  relay  K1  which,  in  turn,  is  controlled  by 
a  solid-state  sensing  circuit.  Step-down  transformer  T1  in  con¬ 
junction  with  bridge  rectifier  RECTI  and  filter  capacitor  Cl 
form  a  dc  power  supply  for  the  control  circuit.  Equipment  oper¬ 
ation  is  initiated  when  pushbutton  SI  is  depressed,  turning  on 
SCR1  and  energizing  K1.  With  SCR1  conducting,  a  dc  charge 
is  maintained  on  C2  by  current  flow  through  blocking  diode 
D1.  Should  a  momentary  power  failure  occur,  SCR1  will  con¬ 
tinue  to  conduct  until  C 1  is  discharged  below  the  SCR’s 
maintenance  voltage,  holding  K1  closed  and  permitting  the 
immediate  reapplication  of  power  to  the  external  equipment. 
Thereafter,  the  SCR  will  switch  to  a  high  impedance  state, 


IM5W? 


Fig.  6.  Another  Intersil  circuit  skovm  here 
is  an  op  amp  staircase  generator . 

opening  the  relay.  However,  a  small  gate  voltage  will  be  main¬ 
tained  on  the  SCR  for  a  short  while  by  the  accumulated 
charge  on  C2.  Thus,  if  ac  line  power  is  restored  before  C2  is 
discharged  below  the  level  needed  to  "fire"  the  SCR,  circuit 
operation  will  be  initiated  automatically.  If  the  power  failure  in¬ 
terval  is  longer  than  the  time  required  for  Cf  and  C2  to  dis¬ 
charge,  operation  must  be  restarted  manually  by  depressing 
SI,  permitting  the  operator  to  carry  out  any  necessary  start-up 
procedures  required  by  the  protected  equipment. 

John  used  Motorola  semiconductor  devices  in  his  design, 
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with  the  bridge  rectifier  a  HEP  type  R0801 ,  SCR1  a  HEP  type 
R1216t  and  diode  D1  a  HEP  R005&  The  step-down  trans¬ 
former  may  be  any  standard  type  with  a  12-volt,  500-mA  sec¬ 
ondary.  Resistors  R1  and  R2  are  half-watt  types.  Capacitors 
Cl  and  C2  are  16-volt  electrolytics.  A  12-volt  dc  relay  with  a 
95-ohm  coil  and  contacts  rated  at  10  A  is  used  for  K1 ,  while 
the  control  switch,  SI,  is  a  spst,  momentary  contact,  NO 
pushbutton  or  lever  type.  Finally,  the  receptacle  (SOI )  is  a  fa¬ 
miliar  3-wire  dual  wall  outlet. 

With  neither  layout  nor  lead  dress  critical,  the  circuit  can  be 
duplicated  using  any  preferred  construction  technique  but.  for 
maximum  safety,  the  wiring  should  be  housed  in  a  sturdy  (and 
grounded)  metal  case  or  box.  According  to  John,  the  time  de¬ 
lay  before  manual  resetting  is  required  can  be  adjusted  (by 
means  of  R3)  between  1  and  12  seconds,  which  is  more  than 
adequate  for  most  momentary  power  interruptions.  If,  for 
some  reason,  a  longer  delay  is  required,  this  may  be  achieved 
by  increasing  the  values  of  C2,  R2  and  R3.  Delays  of  up  to  a 
minute  or  two  should  be  feasible  with  standard  components. 

Device/Product  News.  RCA’s  Solid  State  Division  (Box 
3200,  Sommerville,  NJ  08876)  has  added  a  new  series  of  de¬ 
vices  to  its  growing  family  of  BiMOS  (Bipolar/MOS)  operation¬ 
al  amplifiers,  which  feature  MOSFET  inputs  and  COS/MOS 
outputs.  The  new  CA3160  series  are  frequency-compensated 
versions  of  the  earlier  CA3130  series  op  amps,  and  feature 
gate-protected  p-channel  MOSFET s  in  the  input  stage  to  pro¬ 
vide  input  impedances  of  1 .5  x  1012  ohms  (typical),  very  low 
input  currents  (5  pA  typical  at  1 5  V),  and  exceptional  speed 
performance.  In  each,  the  output  stage  employs  a  comple¬ 
mentary-symmetry  MOS  transistor  pair  capable  of  swinging 
the  output  voltage  to  within  10  mV  of  either  supply  voltage  ter¬ 
minal,  permitting  direct  interface  with  either  CMOS  or  bipolar 
7400  TTL  series  devices.  Other  features  include  wide  band¬ 
width  (15  MHz),  high  slew  rate  (10  V/jjls  unity-gain  follower), 
and  strobbing  capability  to  reduce  standby  power  consump¬ 
tion.  Suitable  for  applications  in  sample-and-hold  amplifiers, 
long  duration  timers,  wideband  amplifiers,  voltage  followers, 
voltage  regulators,  Wein  Bridge  osciltators,  VCO’s,  and  pho¬ 
to-diode  sensor  amplifiers,  the  devices  are  offered  in  both 
standard  and  dual-inline  formed  8-lead  TO-5  packages. 

In  addition  to  its  special  purpose  test  instrument  IC's,  Na¬ 
tional  Semiconductor  has  announced  a  new  family  of  positive 
regulators  with  several  fixed  output  voltages  in  three  tempera¬ 
ture  ranges.  Identified  as  the  LM140LA  series,  the  new  de¬ 
vices  have  a  2.0%  output  voltage  specification,  0.04%/volt 
line  regulation,  a  0.01  %/mA  load  regulation,  and  can  deliver 
up  to  100  mA  with  adequate  heat  sinking.  Offered  in  metal 
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TO-39  and  plastic  TO-92  packages,  the  new  regulators  are 
available  with  outputs  ranging  from  5.0  to  24.0  volts.  All  of  the 
devices  are  protected  by  internal  current  limiting  and  thermal 
shutdown  circuitry. 

International  Rectifier  s  Semiconductor  Division  (233  Kan¬ 
sas  St.,  El  Segundo.  CA  90245)  has  recently  introduced  a  pair 
of  900-voll  npn  transistors  with  power  dissipation  ratings  of  50 
watts.  Designated  types  IR  708  and  709,  the  new  units  are 
suited  for  applications  in  video  deflection  circuits,  high-voltage 
switching  power  supplies,  power  controls,  and  switching  regu¬ 
lators.  Both  offer  continuous  collector  current  ratings  of  3  A 
with  fall  times  of  1 .5  p. s.  and  both  are  supplied  in  standard 
TO-3  metal  cases.  O 
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Experimenter’s 

Corner 


.  By  Forrest  M.  Mims 

THE  556  DUAL  TIMER 


IF  THERE’S  anything  better  than  the 
popular  555  timer,  it's  the  556  dual 
timer,  The  556  is  two  555’s  on  a  single 
chip  packaged  in  a  14-pin  DIP.  The  pin 
outline  of  this  versatile  chip  is  shown  in 
Fig.  1.  Either  or  both  halves  of  the  556 
can  be  used  for  all  the  standard  555  ap¬ 
plications.  This  month,  we’ll  look  at  sev¬ 
eral  that  use  two  555Ts  and  are  therefore 
ideally  suited  for  the  556. 


generator.  The  tone  continues  until  the 
one-shof  s  timing  cycle  is  complete!  The 
result  is  a  tone  burst  which  you  can  use 
for  signaling,  alarms,  electronic  music, 
and  other  effects. 

You  can  experiment  with  the  various 
timing  and  frequency-controlling  compo¬ 
nents  (fll,  Cl.  R2,  R3  and  C4)  to  pro¬ 
duce  different  sound  effects.  Remember 
that  you’re  looking  for  a  tone  which  con¬ 


Fig.  L  Pin  outline 
mm*  of  the  556  timer , 


Tone*Burst  Generator.  Figure  2 
shows  a  circuit  for  a  tone-burst  genera¬ 
tor  using  a  single  556  dual  timer.  The 
first  half  of  the  556  is  connected  as 
a  monostable  multivibrator  (one-shot) 
whose  timing  period  is  controlled  by  R1 


tinues  after  SI  is  released,  so  adjust  R1 
until  this  occurs. 

Dual-Action  Timer  Circuit.  The 

maximum  time  delay  of  a  single  555  tim¬ 
er  is  limited  to  ten  or  fifteen  minutes  un¬ 


timing  capacitor  The  556  dual  timer 
makes  it  easy  to  double  the  time  delay  of 
a  single  555  by  connecting  the  output  of 
the  first  chip  to  the  input  of  the  second. 
After  the  first  timer  completes  its  timing 
cycle,  it  triggers  the  second  timer. 

A  timer  using  this  principle  is  shown  in 
Frg.  3  where  R2  and  Cl  determine  the 
time  delay  of  the  first  timer  and  R3  and 
C4  determine  the  delay  of  the  second 
timer.  The  output  of  the  first  timer  is  cou¬ 
pled  to  the  input  of  the  second  by  C5. 

Operation  of  the  circuit  is  straightfor¬ 
ward,  and  you  should  easily  be  able  to 
generate  time  delays  of  more  than 
twenty  minutes.  Though  Fig.  3  shows 
potentiometers  for  R2  and  R3,  you  can 
use  fixed  resistors  if  you  prefer.  The  po¬ 
tentiometers,  of  course,  are  handy  for  al¬ 
tering  the  delay  of  each  half  of  the  timer. 

You  can  also  use  a  range  of  values  for 
Cl  and  C4.  Naturally,  large-value  capa¬ 
citors  will  give  long  time  delays;  but  if 
you  only  need  a  delay  of  a  few  minutes 
or  soT  you  can  use  less  costly  units. 

Finally,  though  the  main  purpose  of 
this  circuit,  which  I’ve  borrowed  from 
Signetics,  is  to  extend  the  time  delay  of 
a  single  555,  you  might  want  to  take 
advantage  of  the  first  timer’s  output,  too. 
Lots  of  interesting  sequencer  applica¬ 
tions  are  possible  since  each  timer  can 
be  adjusted  for  a  different  timing  period. 

Extra-Long  Time-Delay  Circuit.  A 

neat  way  to  increase  the  time  delay  of  a 
single  555  by  a  factor  of  ten  is  to  connect 
a  low-cost  TTL  decade  counter  like  the 
7490  to  the  basic  timer  circuit.  This  trick 
can  provide  time  delays  of  up  to  a  few 
hours — even  more  if  you  use  a  high- 
quality  timing  capacitor. 


and  Cl.  The  second  half  of  the  556  is 
connected  as  an  astable  (free-running) 
multivibrator  which  produces  an  audio 
tone  with  a  frequency  governed  by  R2t 
R3  and  C4 . 

Normally  the  speaker  is  quiet;  but 
when  pushbutton  switch  St  is  pressed, 
the  one-shot  begins  rts  timing  cycle 
while  simultaneously  activating  the  tone 


Fig .  2 .  Tone-burst  generator , 


Fig ,  4.  Extra- long 
time  delay  circuit. 
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Operation  of  this  circuit  is  made  possi¬ 
ble  by  the  divide-by-ten  operation  of  the 
7490.  The  7490  simply  counts  input 
pulses  from  the  555  until  ten  have  been 
received.  It  then  produces  an  output 
pulse  of  its  own. 

It*s  possible  to  connect  the  divide-by- 
ten  output  of  the  7490  directly  to  an 
elapsed-time  indicator  such  as  an  LEO 
or  audio  oscillator.  A  better  approach, 
however,  is  to  connect  a  second  555 
hooked  up  as  a  one-shot  to  the  7490. 
The  one-shot  is  easy  to  adjust,  and  it  will 
turn  on  the  elapsed-time  indicator  for  a 
fixed  length  of  time.  This  is  a  handy  fea¬ 
ture  if  you  want  to  use  a  bell  or  buzzer  as 
an  elapsed  time  indicator  since  the  sec¬ 
ond  555  will  trigger  a  quick  burst  of 
sound  instead  of  a  continuous  noise. 

Figure  4  shows  how  everything  is  con¬ 
nected  together.  A  single  556  takes  the 
place  of  the  two  555  timers.  One  of  the 
inverters  in  a  7404  hex  inverter  comple¬ 
ments  the  output  signal  from  the  7490  to 
provide  the  proper  triggering  potential.  If 
you  don't  have  a  7404  handy,  use  one  of 
the  gates  in  a  7400  quad  NAND  gate. 
Connect  the  two  inputs  of  one  gate 
together  to  form  the  inverter's  input.  (For 
example,  connect  pins  1  and  2  of  the 
7400  to  pin  1 1  of  the  7490.  Connect  pin 
3  of  the  7400  to  pin  8  of  the  556.  Con¬ 
nect  pins  14  and  7  of  the  7400  to  the 
positive  and  ground  connections,  re¬ 
spectively.) 

The  extra  long  timer  circuit  has  sever¬ 
al  features  you’ll  want  to  tinker  with. 
First,  note  that  potentiometer  R1  sets 
the  delay  time  while  potentiometer  R3 
sets  the  on  time  of  the  elapsed  time  in¬ 
dicator.  I  used  an  LED  for  the  elapsed- 
time  indicator  in  the  prototype  circuit,  but 
you  can  use  a  relay  if  you  prefer  (Radio 
Shack  275-004  or  equivalent). 

Second,  note  that  the  7490  has  four 
outputs.  Both  pins  1 1  and  8  will  provide 
a  time  delay  ten  times  that  of  the  first 
555  (one  pulse  out  for  every  ten  pulses 
in).  Pin  9  will  provide  a  time  delay  five 
times  that  from  the  555.  And  pin  12  will 
provide  twice  the  delay  available  from 
the  555. 

Finally,  if  you  want  realty  long  delays, 
you  might  consider  connecting  one  or 
more  additional  7490  decade  counters 
in  series  with  the  first.  Just  connect  pin 
1 1  of  the  first  7490  to  pin  14  of  the  sec¬ 
ond  7490.  Pin  1 1  of  the  second  7490 
goes  to  still  another  7490  or  to  the  in¬ 
verter.  Incidentally,  note  that  this  circuit 
is  a  repetitive,  free-running  timer.  In  oth¬ 
er  words,  it  begins  a  new  timing  cycle 
immediately  upon  completion  of  the  first. 
Keep  this  in  mind  If  you  decide  to  tinker 
with  super-long  time  delays.  O 
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By  John  McVeigh 


STATIC  CRASHES 

Q.  Please  advise  how  to  eliminate  un¬ 
bearable  noise  that  my  school* * $  heat¬ 
ing  system  produces  on  my  Haiti- 
crafters  SX62A  shortwave  receiver *  4 
line  fiiter  was  tried  to  no  avaiL  The 
most  deafening  noise  is  heard  for  two 
or  three  seconds  between  5  and  18 
MHz * — Gerard  Richard Sherbrooke , 
Quebec,  Canada. 

A.  It  sounds  like  a  thermostat  or  thermo- 
stat-cont rolled  power  relay  is  arcing  and 
generating  r-f  crashes.  It  you  can  J1sniff 
out”  the  source  with  a  small  field- 
strength  meter  or  even  a  portable  radio 
(the  static  should  also  affect  the  AM 
broadcast  band),  try  placing  a  suitable 
bypass  capacitor  across  the  arcing  ther¬ 
mostat  or  relay  contacts.  A  0. 1-p_F, 
1 O0G-V  ac  disc  ceramic  capacitor  should 
squelch  the  r-f.  If  you  can't  locate  the 
source,  try  the  "Ear  Saver"  circuit  shown 
in  the  Hobby  Scene  column  on  p.  34  of 
the  January  1977  issue. 

RESISTOR  QUIZ 

Q.  Herers  a  problem  which  was  posed 
by  one  of  my  professors .  You  have  an 
infinite  lattice  of  1-ohm  resistors  as 
shown  in  the  diagram.  WhaVs  the  ef¬ 
fective  resistance  between  points  A 
and  B? — Bryan  Baker ;  Houston,  7% 


A,  Offhand,  I  think,  the  effective  re¬ 
sistance  is  zero  ohms  There  is  an  infi¬ 
nite  number  of  resistors  in  parallel,  and 


*  i 

i  t 


even  though  the  further  away  from  A 
and  B  the  more  series  resistors  you 
have  in  each  parallel  combination,  it 
looks  like  the  resistance  wilt  go  to  zero 
The  only  other  solution  I  could  possibly 
see  is  a  finite  limit  in  the  parallel  combi¬ 
nations.  But  my  tendency  is  to  say  zero 
ohms.  Actually,  the  effective  resistance 
of  an  ever-increasing  number  of  parallel 
resistors  will  approach  zero  ohms,  but 
will  never  reach  it — just  like  the  graph  of 
a  hyperbola  or  an  exponentially  decay¬ 
ing  function.  It  any  reader  comes  up  with 
different  solution,  feel  free  to  send  it  in! 


TRIGGERING  THYRISTORS 
Q.  f  would  tike  to  control  120-volt  ac 
devices  with  TTL  logic  without  using 
relays.  Is  there  a  way  to  do  this  using 
triacs  or  SCWs?  They  would  only 
have  to  handle  1  or  2  amperes . — 
Dominick  Testat  Skokie,  IL. 

A.  The  easiest  way  to  trigger  an  SCR  or 
triac  from  a  TTL  output  is  to  use  an  op- 
toisolator  It  is  essentially  a  LEO,  a  cur¬ 


rent  limiting  resistor,  and  a  photocell.  Of 
course,  you  can  make  your  own  op- 
toisolator  by  enclosing  the  LED  and  CdS 
cell  in  a  light-tight  box.  Connect  the  op* 
toisolator  as  shown  in  the  figure.  An  ex¬ 
ternal  current  limiting  resistor  may  be 
needed  lo  keep  the  thyristor's  gate  cur¬ 
rent  to  a  safe  value.  This  depends  on  the 
lit  resistance  of  the  CdS  cell.  Using  a 
10,000-ohm,  14-  or  ‘  i-watt  series  resis¬ 
tor  will  limit  gate  current  to  17  mA  peak. 

I2GWC 


TVt  AND  €8  TRANSCEIVERS 
q,  /  have  a  TV!  problem  whenever  t 
use  my  CB  transceiver.  My  neighbors 
get  very  upset  and  tell  me  to  turn  off 
the  radio.  Is  there  anything  t  can  do 
without  going  oft  the  air?  — , Dwayne 
Edwards ,  Canton,  NY . 

A.  If  your  CB  transceiver  is  a  fairly  re¬ 
cent  vintage,  type  accepted,  and  used 
properly,  it  should  not  be  generating 
TV!  Often,  the  interference  is  the  result 
of  overload  within  the  TV  receiver  in  the 
presence  of  a  strong  27-MHz  signal. 
The  way  to  identify  overloading  is  lo  de¬ 
termine  the  extent  of  the  interference  at 
the  TV  receiver,  If  TV  I  occurs  on  all 
channels,  receiver  overloading  is  the 
culprit  Visual  interference  can  range 
from  fine  cross-halching  to  a  completely 
dark  screen.  When  the  sound portion  of 
the  program  is  also  subject  to  interfer¬ 
ence.  overloading  is  taking  place. 

The  cure  lor  this  problem  is  to  prevent 
the  CB  signal  from  reaching  the  TV.  This 
can  usually  be  done  by  attaching  a  high- 
pass  filter  such  as  the  Drake  TV-30Q-HP 
(for  twinlead)  or  TV-7  5- HP  (for  RG-59-U 
coax)  at  the  antenna  terminals  on  the 
back  of  the  receiver.  In  some  cases,  the 
filter  will  have  to  be  installed  atthe  tuner 
input  inside  the  receiver's  enclosure 
When  the  CB  signal  is  really  strong,  the 
use  of  the  high-pass  filter  might  have  to 
be  supplemented  by  more  effectively 
shielding  the  receiver  Fine  copper  or 
brass  screening  or  flashing  carefully  in¬ 
stalled  (beware  of  accidental  shons!) 
can  be  installed  on  the  inside  of  the  TV 
enclosure  and  grounded. 

When  visual  interference  occurs  only 
on  TV  channels  harmonically  related  to 
the  27-MHz  Citizens  Band  (principally 
Channel  2  at  54  MHz  and  Channel  5  at 
81  MHz),  the  transceiver  is  radiating  un- 
desrred  signals.  This  can  occur  when 
the  transceiver  circuitry  is  improperly  ad¬ 
justed  or  operated.  Over-modulation 
from  "power  mikes''  is  a  common  cause 
of  harmonic  radiation.  Don't  overmodu¬ 
late  the  transceiver  and  don’t  use  a  pow¬ 
er  amplifier  If  the  harmonic  suppression 
of  the  transceiver  must  be  improved,  in¬ 
sert  a  tow-pass  filter  in  the  coax  trans¬ 
mission  line  dose  to  the  transceiver  Be 
sure  you  use  a  filter  with  a  cut-off  fre¬ 
quency  around  40  MHz  and  attenuation 
of  at  least  60  d0  at  TV  frequencies 
(Drake  TV-42*LP  or  equivalent). 


Have  a  problem  or  question  on  ci'cuiiry,  Gompo- 
nen;$,  pans  availability,  eic"7  Send  it  \a  the  Hobby 
Scene  EdrtQT  popular  Electronics.  One  Park 

*W£  .  New  York.  N  Y  1001G  Though  all  tetters  can  ! 
be  answered  mdtoiflyaHy,  ihose  wifti  wide  interesi 
will  b£  published 
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COBRA  MODEL  29XLR  MOBILE  40-CHANNEL 
CB  TRANSCEIVER 

Digital  readout  AM  rig  provides  strong  transmission  punch. 


DYHASCAHs  Cobra  Model  29XLR 
is  a  handsome  40-channel  AM  CB 
mobile  transceiver  that  uses  digital  Fre¬ 
quency  synthesis  and  a  red  LED  numer¬ 
ic  display  for  channel  identification,  It  in- 
corporates  such  features  as:  display 
dimmer  control,  illuminated  S/r-f/  rela¬ 
tive-power  meter,  LED  transmit/modula¬ 
tion  indicator*  microphone  and  r-f  gain 
controls*  and  switchable  noise  blanker 
(nb)  and  automatic  noise  limiter  (anl)*  In 
addition*  the  transceiver  has  audio, 
squelch,  and  Delta  tune  controls:  PA  fa¬ 
cilities;  external-speaker  jacks;  automat¬ 
ic  modulation  control  (amc);  detachable 
dynamic  microphone;  bottom-facing 
speaker;  line  filter;  and  reverse-polarity 
protection.  Operation  is  from  a  nominal 
13*8- volt  dc  source  with  negative  or  pos¬ 
itive  ground. 

The  transceiver  measures  9VTW  x 
7»<TD  x  2V4,fH  (24  >:  18.5  x  5,6  cm) 
Suggested  list  price  is  $229,95, 

Technical  Details.  The  receiver  em¬ 
ploys  double  conversion,  with  frequency 
control  provided  by  a  phase- locked -loop 
(PLL)  frequency  synthesis  system.  A 
iQ*695-kHz  first  i-f  is  obtained  by  hetero¬ 
dyning  the  CB  signal  with  the  PLL's  volt¬ 
age-controlled  oscillator  (vco)  signal  in 
the  range  of  37.660  to  38,100  kHz*  The 
second  conversion  is  to  a  4 5 5- kHz  i-f 
with  a  10*240-kHz  crystal  oscillator*  from 
which  a  10-kHz  standard  reference  for 
the  PLL  system  is  also  derived  through 
dividers.  The  10-kHz  vco  comparison 


signal  is  set  up  by  combining  the  output 
of  the  vco  with  a  36,570-kHz  crystal  sig¬ 
nal  at  a  "down"  converter  (mixer)*  The 
difference  frequencies  are  extracted  and 
go  to  an  1C  divider  that  is  controlled  by 
the  channel-selector  switch. 

Inductively  coupled  circuits  at  the  in¬ 
put  of  the  r-f  amplifier  and  output  of  the 
second  mixer*  along  with  a  bandpass- 
coupled  circuit  between  the  mixers*  aid 
in  good  image  and  unwanted-signal  re¬ 
jection  This  is  augmented  by  a  10,695- 
kHz  ceramic  filter  after  the  first  mixer. 
The  455-kHz  selectivity  *s  also  obtained 
with  a  ceramic  filter 
Two  i-f  stages  are  followed  by  a  diode 
detector  and  age,  the  switchable  anl* 
squelch  system  and  an  1C  audio  sec¬ 
tion.  The  noise  blanker  employs  an  1C  r-f 
a mp I ifiery detector  and  three  pulse  am* 
pllfiers  for  gating  the  output  of  the  sec¬ 
ond  mtxer,  Electronic  voltage  regulation 
is  supplied  for  all  critical  circuits. 

The  transmitter  combines  the  output 
of  the  vco  with  a  10,695-kHz  crystal  os¬ 
cillator  signal,  using  the  difference  fre¬ 
quencies,  at  a  dual-gate  MOSFET  bans* 
mitter  mixer  thal  is  followed  by  band¬ 
pass  coupling  and  the  usual  r-f  stages. 
The  multi-section  output  network  in¬ 
cludes  a  TV l  trap.  The  SWR  bridge  is  a 
trough-line  type.  The  collectors  of  the 
driver  and  power  amplifier  stages  are 
modulated  by  the  receiver's  audio  out¬ 
put  stage*  providing  the  customary  highl¬ 
and  low-level  dass-B  modulation.  Amc 
is  obtained  with  a  bootstrap  setup 


around  an  1C  microphone  amplifier. 
Transmit/ receive  transfer  is  conducted 
electronically. 

It  is  interesting  to  note  that  the  29XLR 
utilizes  ferrite  beads  at  strategic  points 
in  place  of  wire-wound  r-f  chokes.  Those 
beads  slip  over  a  lead  of  the  circuit  to  be 
isolated  or  stabilized.  The  beads  save 
space,  hold  down  circuit  resistance, 
minimize  resonance  effects,  and  are 
highly  effective  in  comparison  to  the 
wire*wound  chokes, 

Te«t  Be  suits*  Receiver  sensitiviry  of 
the  Cobra  29XLR  measured  0.5  pV 
(with  30%  modulation  at  1000  Hz)*  Im¬ 
age  and  i-f  signal  rejection  measured  80 
dB  minimum*  while  spurious  response 
rejection  of  signals  near  the  CB  range 
was  45  dB*  Adjacent-channel  rejection 
and  desensitization  were  nominally  60 
dB*  The  overall  6-dB  audio  response 
was  240  to  2400  Hz,  The  maximum 
sine -wave  output  power  measured  2*75 
watts  at  3%  THD  at  1000  Hz  into  8  ohms 
at  the  onset  of  clipping.  It  measured  3 
watts  in  the  PA  mode. 

The  age  held  the  audio  output  to  with¬ 
in  10  dB  with  a  26-dB  r-f  input  change  at 
0,5  to  10  jjlV  and  to  13  dB  with  an  80-dB 
input  change  at  1  to  10*000  m*V*  A  nomi¬ 
nal  50-|jV  signal  registered  S9  on  the 
signal  meter.  The  threshold  range  of  the 
squelch  circuit  was  0,3  to  1 0,000  uiV, 

The  transmitter  put  out  a  4-watt  carrier 
with  operation  from  a  13 *8 -volt  dc 
source.  The  modulation  capabilities  ran 
up  to  100%,  With  the  microphone  input 
level  raised  25  dB  above  the  level  re¬ 
quired  for  50%  modulation*  the  THD  was 
7%  at  1000  Hz*  and  the  modulation  held 
to  just  within  the  legal  limit.  The  THD 
with  a  400-Hz  test  tone  was  noticeably 
greater  in  both  waveform  observation 
and  measurement*  the  latter  varying  be¬ 
tween  10%  and  20%,  depending  on  the 
level  of  the  amc. 

We  obtained  high  average  modulation 
with  voice  inputs  without  overmodufation 
or  adverse  splatter.  With  voice  input  or 
1000- Hz  tone*  the  splatter  at  -5000  Hz 
from  the  carrier  frequency  was  at  least 
60  dB  down,  Using  a  2500-Hz  tone  in¬ 
put*  it  was  50  to  55  dB  down.  The  overall 
6-dB  audio  response  of  the  transmitter 
was  400  to  2300  Hz.  R-f  frequency  toler¬ 
ance  on  any  channel  was  within  r3  Hz 
of  -110  Hz. 

User  Comment.  This  is  a  smartly 
styled  mobile  transceiver,  set  in  a  black 
case  with  brushed  silver-colored  front 
panel  and  chrome-trimmed  knobs.  The 
control  knobs  are  located  in  a  row  along 
the  lower  half  of  the  front  panel. 
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Our  one  complaint  about  the  control 
sequence  arrangement  is  that  the  dyna 
mike  (microphone  gain)  control  is  locat¬ 
ed  at  the  far  left  of  the  panel,  where  we 
automatically  reach  for  the  more-often 
used  volume  control* 

The  channel  selector  control  knob  has 
a  bar  grip  that  makes  it  easy  to  manipu¬ 
late,  Other  switching  functions  are  han¬ 
dled  by  miniature  toggle  switches  locat¬ 
ed  in  a  tine  across  the  top  of  the  front 
panel  between  the  meter  and  numeric 
display.  Two  of  these  switches  have 
three  positions  that  do  not  have  much 
lever  swing,  which  sometimes  makes  it 
difficult  to  stop  at  the  center  position.  A 
two-position  switch,  h.f./off,  switches 
in  and  out  a  "hash”  filter  ihat  is  a  fixed- 
setting  tone  control  that  drops  the  upper 
frequency  response  to  minimize  high- 
pitched  noises. 

The  edgewise  meter  is  easier  to  read 
than  most  other  similar  meters  we  have 
encountered.  It  is  illuminated  whenever 
the  transceiver  is  turned  on  except  when 


in  the  PA  function.  Hence,  instead  of 
having  the  numeric  readout  display  the 
letters  PA,  as  is  generally  the  case,  the 
meter’s  light  extinguishes  to  indicate 
that  the  transceiver  is  in  the  PA  mode. 

We  determined  that,  when  the  trans¬ 
mitter  is  working  into  a  nonreactive  50- 
ohm  load  (representing  a  1:1  SWR),  the 
actual  r-f  output  was  accurately  indicat¬ 
ed  at  any  point  on  the  meter’s  SWR 
scale.  (This  does  not  necessarily  hold 
true  for  other  loads  or  high  SWR’s.) 

Use  of  the  noise  blanker  allowed 
readability  of  weak  signals  in  the  pres¬ 
ence  of  high  impulse  noise  from  our  im¬ 
pulse-noise  generator.  It  was  similarly 
effective  on  ignition  noise  in  a  vehicle, 
where  it  almost  entirely  eliminated  the 
noise  (with  a  slight  loss  in  signal  level). 
The  anl  also  performed  well. 

Although  the  speaker  in  this  transceiv¬ 
er  is  bottom  facing,  its  sound  reproduc¬ 
tion  is  clean  and  crisp  without  the  usual 
muddyness  associated  with  bottom-fac¬ 
ing  speakers.  It  provided  good  readabil¬ 


WAHL  MODELS  7700  AND  7800  CORDLESS  SOLDERING  IRONS 

Battery-powered  irons  with  recharging  stands . 


Iso- Tip  Quick-Charge  Model  7700. 

When  electrically  powered  cordless 
soldering  irons  first  appeared,  we 
lauded  them  because  they  gave  us  free¬ 
dom  from  the  ac  line.  Especially  useful 
in  the  field,  they  also  proved  to  be  very 
practical  on  our  workbench.  We  did, 
however,  observe  one  shortcoming — we 
could  not  use  the  cordless  iron  for  major 
project  and  kit  building  that  required 
hundreds  of  connections  to  be  soldered. 
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It  was  not  that  a  fully  charged  iron  pro¬ 
vided  just  100  to  150  soldered  joints,  but 
that  it  required  up  to  14  hours  to  re¬ 
charge  to  full  capacity.  Now,  however, 
there  are  "fast-charge"  cordless  solder¬ 
ing  irons,  as  examined  here. 

The  two  fast-charge  soldering  irons 
from  Wahl  are  the  Iso-Tip  "'Quick 
Charge”  Model  7700  that  requires  about 
four  hours  to  recharge  and  the  Iso-Tip 
60  Model  7800  that  comes  up  to  full 
charge  in  about  60  minutes.  Both  irons 
come  with  their  own  recharger  stand. 
The  Model  7700  retails  for  $24.95,  the 
Model  7800  for  $34,95.  Available  as  an 
option  is  the  Model  6500  ($10.95)  print¬ 
ed  circuit  board  drilling  attachment  that 
fits  alt  Wahl  cordless  soldering  irons. 

General  Description.  The  two  sol¬ 
dering  irons  feature  a  couple  of  improve¬ 
ments  that  were  not  part  of  the  original 
Wahl  cordless  soldering  iron  we  tested 
five  years  ago.  The  first  is  that  the  head¬ 
er  has  been  redesigned  to  hold  tips  firm¬ 
ly  in  place  by  friction  instead  of  with  the 
tiny  Allen-type  setscrews  used  on  the 
original  iron.  This  makes  installation  and 
removal  of  tips  a  simple  plug-in/pull-out 
operation.  Of  course,  the  tip  can  still  be 
semi-permanently  fixed  to  the  header  by 
loosening  the  header  screws,  inserting 
the  tip,  and  retightening  the  screws. 

The  second  improvement  is  in  the 


ity  in  our  on-the-road  tests.  It  should  be 
noted  that  the  microphone  must  be 
plugged  Into  its  connector  to  permit  the 
speaker  to  function. 

On-the-air,  we  obtained  a  hefty  punch 
from  the  amc  system,  which  prevented 
overmodulation  even  when  the  micro¬ 
phone  gain  was  fully  advanced.  We  ex¬ 
perimented  with  the  dyna  mike  control 
to  determine  its  best  setting.  The  clean¬ 
est  sounding  signal  was  obtained  with 
the  mike  gain  reduced  to  the  point  where 
the  mod  indicator  blinked  only  occasion¬ 
ally.  At  this  point,  we  still  obtained  a  high 
average  modulation  level  without  sacri¬ 
ficing  intelligibility. 

The  excellent  performance  of  the  Co¬ 
bra  29XLR  transceiver  far  outweighs  the 
minor  criticisms  noted  here.  It  provides 
high  sensitivity  and  fine  selectivity,  has  a 
good  transmitted  signal  without  adverse 
splatter,  and  possesses  effective  noise¬ 
handling  capabilities, 
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power-on  pushbutton  switch.  The  button 
is  rotatable  so  that  its  index  can  be  set  to 
either  of  two  positions.  To  use  the  iron, 
the  index  must  be  set  to  the  use  position 
before  it  can  be  depressed.  Only  in  this 
position  can  the  button  be  depressed  far 
enough  to  dose  the  switch  contacts  and 
allow  power  to  be  applied  to  the  tip. 
Whenever  the  iron  is  not  in  use,  the  but¬ 
ton  is  rotated  until  the  index  is  pointing  to 
the  lock  legend  molded  into  the  iron's 
housing.  When  the  button  is  in  the  lock 
position,  the  iron  cannot  be  accidentally 
turned  on,  which  is  a  good  safety  feature 
on  a  bench  or  in  a  crowded  toolbox. 

The  major  improvement  in  the  new 
irons  is  the  fast-charging  feature.  The 
Model  7700  iron’s  average  four-hour  re¬ 
charging  cyde  is  roughly  a  third  of  that 
required  by  the  original  Wahl  iron.  For 
just  $10  more,  the  Model  7800  cuts  the 
recharging  time  of  the  original  iron  to 
less  than  a  tenth.  Needless  to  say,  with 
either  iron,  you  can  make  many  times 
more  solder  joints  in  a  workday  than  was 
possible  before.  Hence,  you  can  tackle  a 
fairly  large  project  or  kit-building  job 
without  resorting  to  a  line-powered  iron. 

Spedal  nickel-cadium  cells  are  used 
in  the  new  irons.  These  cells,  plus  the 
newly  designed  charger  stands,  are  re¬ 
sponsible  for  the  new  fast-charge  rates. 
In  addition,  the  Model  7800  is  equipped 
with  a  thermostat  that  automatically  re- 
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duces  the  full  fast-charge  rate  to  a  safe 
"trickle"  once  the  cells  have  come  up  to 
full  charge.  When  the  cells  are  fully 
charged,  and  as  long  as  the  iron  is  still  in 
its  stand,  a  LED  near  the  power  switch 
comes  on  to  indicate  the  full-charge  sta¬ 
tus.  A  reset  switch  on  the  left  side  of 
the  iron  must  be  pushed  down  to  allow 
the  iron  to  charge  at  the  fast  rate  again. 

Both  irons  are  equipped  with  screw-in 
lamps  that  illuminate  the  work  area  near 
the  tip  when  the  power  button  is 
pressed.  Also,  both  come  with  two  tips, 
one  a  standard  chisel  and  the  other  a 
fine  configuration  for  1C  soldering. 

The  new  irons  are  equivalent  to  50- 
watt  line-powered  soldering  irons.  The 
tips  come  up  to  soldering  temperature 
within  about  five  seconds  after  the  pow¬ 
er  button  is  pressed,  and  each  iron  is 
rated  to  deliver  approximately  160  twist¬ 
ed-tail  solder  connections,  using  22- 
gauge  wire,  from  full  charge. 

User  Comment.  The  first  test  we  per¬ 
formed  on  these  new  soldering  irons 
was  to  fully  charge  them  from  the  com¬ 
pletely  discharged  states  in  which  they 
arrived.  The  Model  7700  took  almost  ex¬ 
actly  four  hours  to  come  up  to  full 
charge,  the  Model  7000  about  50  min¬ 
utes.  Both  irons  became  warm  to  the 
touch,  especially  the  Model  7800,  which 
was  quite  warm  when  the  full-charge 
LED  came  on. 

Our  next  test  was  to  determine 
approximately  how  many  solder  joints 
each  iron  would  deliver  from  full  charge. 
To  do  this,  we  did  not  replace  the  irons 
in  their  respective  stands  between  sol¬ 
der  operations  as  recommended  by 
Wahl.  We  performed  this  test  three 
times  each  for  twisted-tail,  solder-lug, 
and  pc-board  connections  with  both  the 
chisel  and  fine  points  installed,  recharg¬ 
ing  fully  after  each  run.  We  obtained  av¬ 
erages  of  187  joints  for  22-gauge  twist¬ 
ed-tail  wire  connections,  131  for  solder- 
lug  connections,  and  217  pc-board  con¬ 
nections  with  the  fine  tip  installed.  Using 
the  more  massive  chisel  tip,  the  counts 
averaged  152,  114,  and  180  connec¬ 
tions,  respectively.  The  averages  were 
about  the  same  for  both  irons. 

As  we  were  performing  our  solder- 
joint  count  test,  we  kept  track  of  the 
times  required  for  recharging  to  full  ca¬ 
pacity.  Though  the  charging  times  did 
vary  from  charge  to  charge,  they  were 
well  within  10%  of  the  four-hour  and  60- 
minute  ratings  specified  by  Wahl.  * 

Our  next  test  was  to  tackle  two  rather 
large  construction  projects,  one  a  4-k 
computer  memory  board  and  the  other  a 
computer  I/O  interface  board,  both  of 
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Iso-Tip  60  Model  7800. 


which  required  several  hundred  connec¬ 
tions  to  be  made.  We  found  that  intermit¬ 
tent  operation  of  the  Model  7800  Iron, 
replacing  it  in  its  charging  stand  when¬ 
ever  it  was  not  being  used  to  solder  a 
connection,  allowed  us  to  complete  the 
entire  memory  board  in  two  four-hour 
stints,  which  is  about  the  amount  of  time 
one  would  normally  spend  on  a  project 
even  with  a  line-powered  iron.  The  Mod¬ 
el  7700  iron  provided  enough  soldering 
power  in  intermittent  operation  to  allow 


us  to  assemble  completely  the  I/O  port 
in  three  one-hour  stints.  Needless  to 
say,  we  were  favorably  impressed  by 
the  performance  we  obtained  from  both 
irons,  particularly  the  Model  7800. 

In  our  final  test,  we  used  the  irons  to 
operate  the  optional  pc-board  drilling  at¬ 
tachment.  The  attachment  itself  accepts 
a  single  size  (No.  56)  drill  bit,  which  is 
good  for  just  about  all  component-lead 
and  IC-pin  holes.  The  attachment  snaps 
onto  the  tip-header  end  of  the  irons  and 
snaps  into  place  on  the  newer  irons  or  is 
held  in  place  by  a  small  screw  on  the 
older  Wahl  irons.  During  our  tests,  the 
high-speed  drill  effortlessly  drilled  holes 
through  paper-phenolic,  polyester,  and 
epoxy-fiberglass  boards,  both  dad  and 
unclad,  with  great  accuracy  and  at  a 
high-volume  rate.  We  did  not  attempt  to 
run  down  the  power  packs  in  the  irons 
with  the  drilling  attachment  because,  af¬ 
ter  drilling  several  hundred  holes  in  each 
case,  the  irons  were  still  going  strong. 

Using  the  irons  in  both  field  service 
work  and  on  our  bench,  we  found  no 
faults  in  their  performance.  They  are 
nicely  contoured  and  light  enough  in 
weight  to  eliminate  user  fatigue.  The 
built-in  lamps  accurately  illuminate  the 
work  area  and  are  very  convenient  when 
working  in  chassis  with  deep  recesses. 
Also,  the  tips  came  up  to  operating  tem¬ 
perature  almost  immediately. 

In  all,  we  consider  either  Wahl  quick- 
charge  cordless  soldering  iron  an  excel¬ 
lent  tool  for  any  hobbyist’s  workbench, 
the  choice  dictated  by  the  amount  of 
continuous  soldering  time  generally 
needed.  We  also  highly  recommend  the 
drilling  attachment 

CIRCLE  HO  IDS  OH  REE  MFOMIATKM  CARD 


The  Model  6500  pc  drilling  attachment  fits  all  Wahl  cordless  irons u 
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CB  Scene 


By  Ray  Newhall,  KWI601Q 


THE  ANATOMY  OF  CBRS 

Jfc  LL  OF  US  who  have  traveled  the 
#4green  stamp  with  wheels  on  our  C8 
rrgs  (driven  on  turnpikes  with  mobile  CB 
radios  in  our  cars)  know  that  CB  makes 
driving  safer,  provides  additional  securi¬ 
ty  in  case  of  vehicle  breakdown,  and  is 
fun  to  use.  It  keeps  the  driver  awake  and 
busy  on  the  road  and  it  makes  the  trip 
seem  shorter.  But  does  its  usefulness  to 
highway  users  account  for  the  CB  fever 
that  has  spread  throughout  America? 
Why  have  ten  million  people  shelled-out 
$100.  $200,  or  $300  each  for  CB  rigs 
during  1976?  What  prompted  nearly  a 
million  new  CB  license  applications  to 
flood  FCC  offices  during  the  single 
month  of  January  1977? 

The  sociologists  who  keep  watch  on 
the  habits  of  the  public  are  eyeing  the 
CB  syndrome  and  believe  it  is  more  than 
a  fad  which  will  soon  pass  on.  They  con¬ 
sider  that  it  may  signal  an  entirely  new 
shift  in  sociological  behavior.  One  Co¬ 
lumbia  University  psychologist  recently 
remarked  to  an  FCC  assemblage  that 
the  growth  of  CB  may  be  one  of  the  most 
healthy  sociological  events  since  the 
demise  of  the  telephone  party-line.  For 
the  first  time  in  forty  years  there  are  ex¬ 
tensive  persona]  "one-to-one"  com¬ 
munications  occurring  between  people 
who  are  total  strangers. 

Oddly  enough,  this  new  form  of  per¬ 
sonal  communication  we  call  CB  has 
characteristics  which  are  distinctly  differ¬ 
ent  from  our  more  traditional  communi¬ 
cation  forms,  ft  ts  not  "face-to-face"  and 
projects  an  aspect  of  anonymity.  Opin¬ 
ions  exchanged  through  this  media  are 
apt  to  be  more  candid  and  open  in  na¬ 
ture  because  there  is  no  fear  of  "peer 
disapproval"  or  reprisal.  It  is  a  medium 
in  which  the  young  and  the  old  can  com* 
municate  on  common  grounds  and  with 
similar  interests;  a  far  cry  from  the  tragi¬ 
cally  common  communication  failures 
which  occur  between  parents  and  their 
teenaged  children. 

Most  CBers  have  given  a  great  deal 
of  thought  to  the  selection  of  their  CB 
handles  Handles  serve  a  far  greater 
purpose  than  to  provide  temporary  iden¬ 


tification  between  strangers  on  "the 
party  line.”  They  also  serve  a  somewhat 
paradoxical  purpose  of  revealing  much 
of  a  CB'ers  personality  while  concealing 
his  true  identity.  I  know  several  people 
who  are  making  collections  of  the  most 
unusual  handles  they  hear.  Some  of  the 
oddest  ones  are  those  "pairs"  of  han¬ 
dles  used  by  a  CB'er  and  his  XYL  or  oth¬ 
er  members  of  his  family. 

The  CO  "lingo"  is  also  unique.  Al¬ 
though  it  is  colorful  and  mystic  to  new¬ 
comers,  it  is  concise  and  descriptive  to 
those  familiar  with  it.  serving  a  true  com¬ 
munication  need,  (ts  use  gives  CB'ers 
ihe  feeling  of  belonging  to  a  group,  just 
as  Hams  are  joined  by  their  knowledge 
of  Morse  code.  In  fact,  it  is  sometimes 
implied  thal  one  who  doesn't  bother  to 
learn  the  CB  language  is  not  too  wel¬ 
come  on  Ihe  band. 

The  CB  Radio  Service  as  we  see  it  to¬ 
day  is  a  unique  and  useful  "game"  for 
young  and  old  alike,  and  it  serves  the 
need  of  a  mobile  community  However, 
it  is  far  from  the  type  of  personal  radio 
service  the  FCC  had  in  mind  when  the 
Citizen's  Band  was  first  authorized  CB 
was  originally  conceived  as  a  two-way 
radio  service  for  use  by  families  and 
small  businesses,  Until  recent  years, 
there  were  only  a  few  channels  for  com¬ 
munications  between  different  station  li¬ 
censees-  As  the  CBRS  has  developed 
today,  it  is  not  loo  effective  for  its  original 
purpose  in  heavily  populated  areas.  Yet. 
the  need  for  such  a  service  still  remains! 

GMRS,  The  Other  CB  Service*  The 

CBRS  (formerly  the  Class  D  service)  is 
not  the  only  personal  radio  service  avail¬ 
able  to  the  general  public.  The  General 
Mobile  Radio  Service  (GMRS).  formerly 
called  Class  AH  was  Ihe  first  CB  radio 
service.  It  was  authorized  in  the  early 
1950s.  Eight  pairs  of  uhf  frequencies 
were  allocated  above  460  MHz  The 
Class  B  service  authorized  low-power 
mobile  two-way  radio  in  the  same  fre¬ 
quency  spectrum.  Neither  of  these  two 
CB  services  was  used  extensively  be¬ 
cause,  until  recently,  we  have  not  had 


Ihe  radio  technology  to  mass  produce 
suitable  transceivers  at  a  price  the  per¬ 
sonal  user  could  afford.  In  fact,  the 
Class  B  service  was  abandoned  be* 
cause  it  had  not  found  any  practical  per* 
sonal  application. 

However,  the  GMRS  service  is  still 
available  and  has  now  become  a  high* 
quality,  practical  CB  service  for  person¬ 
al-use  radio  communications,  although 
equipment  cost  is  substantially  higher 
than  Class  D  gear.  The  new  460-MHz 
police  communications  equipment  oper¬ 
ates  on  assigned  frequencies  very  dose 
to  the  462/467-MHz  GMRS  frequen¬ 
cies,  and  this  equipment  can  be  used.  It 
is  now  feasible  to  mass-produce  solid- 
state  equipment  to  operate  on  uhf.  On 
GMRS  you  may  operate  up  to  50  watts 
input  power  and  raise  your  antenna  up 
to  200  feel  in  height.  Line-of-sight  FM 
transmission  is  most  normally  used.  Re¬ 
peaters  and  auto-patches  are  currently 
permitted,  just  as  the  Hams  now  use 
them  on  the  2-meter  band. 

In  the  Chicago,  Cleveland  and  Dallas 
areas,  to  name  but  a  few,  GMRS 
"CBers"  have  banded  together  to  set  up 
community  repeaters.  They  use  15-watt 
mobile  units  or  21 o-watt  hand-held  tran¬ 
sceivers  to  reach  the  repeaters  for  reli¬ 
able  rebroadcast  to  other  stations  as  far 
as  25  to  40  miles  away.  Jn  this  way.  they 
can  contact  their  families  or  offices 
through  the  repealer,  or  they  can  dial  di¬ 
rect  landline  calls  to  business  associ¬ 
ates  by  use  of  a  touch-tone  pad  on  the 
back  of  their  mikes  Tone-encoded 
squelch  circuits  are  said  to  work  so  well 
that  these  FM  transceivers  will  be  ac¬ 
tivated  only  by  those  cads  intended  spe¬ 
cifically  for  them. 

As  a  matter  of  fact,  this  columnist  just 
mailed  a  Form  400  for  a  GMRS  license 
to  the  FCC  this  morning.  I  have  a  stand¬ 
ard  CBRS  AM  unit  in  my  car  for  use  on 
the  road,  but  it  is  not  too  practical  to  call 
my  home  (located  in  a  densely  populat¬ 
ed  Eastern  Seaboard  area)  unless  I’m 
rather  dose  by.  I  operate  a  small  con¬ 
sulting  service  and  i  intend  to  use 
GMRS  radio  to  keep  in  touch  with  my 
customers  from  my  car  while  f  am  within 
25  mites  of  my  home, 

GMRS  is  not  for  everyone,  but  it  does 
meet  Ihe  needs  of  those  who  want  high* 
grade  personal  and  business  communi¬ 
cations,  The  cost  is  from  two  to  five 
times  as  much  as  the  current  prices  of 
CBRS  equipment;  more  if  you  hang  on 
all  these  accessories.  But  for  many  peo¬ 
ple  it  serves  a  practical  purpose  and  in 
many  cases  may  eliminate  the  need  for 
telephone  answering  service  or  even  a 
secretary  o 
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ASSEMBLERS 

ACCORDING  to  a  recent  magazine 
survey,  one  of  the  most  popular  ap¬ 
plications  of  personal  computers  is  soft  * 
ware  development,  or  simply  writing  pro¬ 
grams  As  anyone  who  has  been  bitten 
by  the  programming  bug  undoubtedly 
Knows,  each  new  program  is  always  big¬ 
ger  and  fancier  than  the  last.  Beyond  a 
certain  point  in  program  complexity, 
however,  the  use  of  an  assembler  pro¬ 
gram  is  almost  mandatory  to  eliminate 
most  of  the  drudgery  associated  with 
hand  coding  in  octal  or  hex.  This  is  par¬ 
ticularly  true  when  one  wishes  to  make  a 
"small  improvement"  to  a  hand-assem¬ 
bled  program  which  otherwise  requires  it 
to  be  rewritten 

Functions  of  an  Assembler,  Using 
an  assembler  in  machine  language  pro¬ 
gram  development  has  three  important 
advantages  over  hand  coding.  First,  an 
assembler  allows  the  programmer  to 
use  operation  mnemonics  such  as 
"IDA"  for  the  load  register  A"  operation 
rather  than  the  octal  code  072  <8080  mi¬ 
croprocessor),  When  looking  at  a  pro¬ 
gram  you  wrote  several  weeks  ago  or 
one  written  by  somebody  else,  the  IDA 
is  much  more  meaningful  than  the  072  r 
which  in  turn  makes  the  program  easier 
to  understand. 

The  second  and  most  important 
advantage  is  that  the  addresses  of  sec¬ 
tions  of  code  and  data  items  can  be  giv^ 
en  symbolic  names  and  referred  to  by 
name  Again,  a  name  like  TAXTAB  used 
to  refer  to  a  table  of  tax  rate  data  is  more 
meaningful  than  its  address  which  might 
be  005:120.  The  most  important  benefit 
of  symbolic  names  comes  when  a  pro¬ 
gram  is  changed  for  some  reason.  With 
a  hand-coded  program,  some  of  the  ad¬ 
dresses  used  in  the  program  would 
probably  have  to  change  as  sections  of 
the  program  and  data  are  shuffled 
around  to  make  room  for  additions 
Then,  every  reference  to  addresses  that 
were  changed  would  also  have  to  be 
changed.  The  result  is  that,  in  a  large 
program,  a  considerable  number  of 
changes  may  be  necessary  for  what 
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would  otherwise  be  a  minor  addition. 
With  symbolic  names,  the  assembler 
can  do  all  of  the  address  shuffling  when 
the  program  is  reassembled  and  the 
programmer  need  be  concerned  only 
with  the  additions  The  concept  is  analo¬ 
gous  to  solving  an  equation  in  general 
ustng  symbols  and  algebra  and  then 
substituting  actual  values  into  the  solu¬ 
tion  rather  than  solving  the  equation  for 
each  set  of  values  needed 

A  third  advantage  is  that  the  use  of  an 
assembler  tends  to  develop  good  pro¬ 
gram  documentation  habits  which  adds 
to  the  value  of  a  program  AH  assem¬ 
blers  allow  the  latter  part  of  each  state¬ 
ment  to  be  used  for  comments.  A  well- 
written  program  has  an  English  explana¬ 
tion  of  what  the  machine  instructions  are 
accomplishing  as  comments  on  nearly 
every  statement  A  neat  assembly  listing 
of  a  program  is  also  much  easier  to  re¬ 
produce  and  read  than  hand  scrawls  on 
coding  sheets  Conversely,  buying  a 
machine  language  program  without  do¬ 
cumentation  in  the  form  of  commented 
assembly  listings  is  like  buying  electron¬ 
ic  equipment  without  a  schematic. 

Using  the  assembler  program  itself  is 
generally  quite  simple  First  the  assem¬ 
bly  language  program  which  ts  called  a 
source  program  is  converted  into  ma¬ 
chine  readable  form.  Such  a  form  may 
be  ASCII  characters  on  paper  tape,  au¬ 
dio  or  digital  cassette  records,  floppy 
disk  sector  records,  or  even  ASCII  data 
in  memory  depending  on  the  system 
and  assembler  used  Usually  some  kind 
of  program  editor  is  used  to  aid  in  en¬ 
tering  and  editing  the  source  program. 
Next  the  assembler  is  loaded  and  ex¬ 


ecuted,  During  execution,  the  assembler 
will  scan  the  source  program  and  pro¬ 
duce  a  listing  file  containing  a  copy  of 
ihe  source  program  along  with  the  octal 
machine  codes  and  an  object  file  con¬ 
taining  only  the  machine  codes 

The  assembler  may  also  flag  some 
statements  as  having  errors.  Common 
errors  that  an  assembler  can  catch  in¬ 
clude  using  non-existent  instruction 
mnemonics  and  undefined  symbols 
The  latter  is  the  case  when  a  reference 
is  made  to  a  symbolic  address  but  an 
actual  address  is  never  assigned  to  the 
symbol.  These  and  other  errors  detect* 
ed  by  the  assembler  are  usually  caused 
by  typing  mistakes.  After  editing  the 
source  program  to  eliminate  errors  and 
reassembly,  the  object  program  is  ready 
to  be  loaded  into  memory  and  executed. 

Types  of  Assemblers.  Although  all 
assemblers  perform  basically  the  same 
function,  there  is  considerable  variety  in 
the  implementation  and  use  details.  Per¬ 
haps  the  most  distinguishing  character¬ 
istic  is  the  number  of  scans  or  passes 
over  the  source  code  done  by  the  as¬ 
sembler. 

A  classical  assembler  makes  two 
passes  over  the  source  program.  During 
the  first  pass,  afl  symbol  definitions  are 
searched  out  and  placed  in  a  symbol  ta¬ 
ble  maintained  by  the  assembler  During 
the  second  pass,  the  mnemonics  are 
translated  into  their  octal  equivalents 
and  the  listing  file  and  object  file  are 
generated  The  two  passes  are  needed 
because  a  reference  to  a  symbolic  ad¬ 
dress  may  occur  in  the  program  ahead 
of  the  definition  of  the  symbol.  This  is 
called  forward  referencing,  ff  the  assem¬ 
bler  is  to  know  what  octal  address  to 
substitute  for  the  symbol,  it  will  have  to 
see  the  definition  first. 

Several  attempts  have  been  made  at 
one-pass  assemblers  and  a  couple  of 
these  are  available  on  hobbyist  sys¬ 
tems.  The  advantage  of  a  one-pass  as¬ 
sembler  is  increased  assembly  speed 
since  the  source  file,  which  may  be 
many  thousands  of  characters  in  length, 
needs  to  be  read  only  once  Often  how¬ 
ever  the  one-pass  assembler  imposes 
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restrictions  on  program  organization  and 
the  free  placement  of  symbols.  This  is 
due  to  the  "look  ahead1'  problem  men¬ 
tioned  earlier.  Sometimes  a  one-pass 
assembler  is  "faked"  by  a  two-pass  one. 
In  this  case  the  source  file  is  read  for  the 
first  pass  and  then  saved  in  memory  for 
the  second  pass  which  is  invisible  to  the 
user.  The  difficulty  with  this  approach  is 
that  a  large  amount  of  memory  is  need¬ 
ed  to  assemble  a  reasonably  large  pro¬ 
gram. 

Occasionally  a  "three-pass"  assem¬ 
bler  is  seen.  These  are  really  two-pass 
assemblers  with  the  second  pass  split  in 
two  to  accommodate  a  Teletype  with 
built-in  paper  tape.  These  machines 
cannot  punch  the  object  file  at  the  same 
time  as  printing  the  listing  file  so  a  sepa¬ 
rate  pass  is  required  for  each  function. 

A  conversational  assembler  is  anoth¬ 
er  variation.  Basically  a  combination  of  a 
simple  text  editor  and  a  conventional  as¬ 
sembler,  the  conversational  assembler 
is  very  convenient  for  experimentation 
and  testing  of  short  programs  and  sub¬ 
routines.  Operation  of  a  conversational 
assembler  is  much  like  most  BASIC  lan¬ 
guage  systems.  The  program  is  typed  in 
line-by-line  and  edited  using  line  num- 
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bers  and  simple  editing  commands. 
When  a  RUN  command  is  given,  the 
program  is  quickly  assembled  directly 
into  memory  and  executed.  Program 
size  is  limited  since  the  source  program 
ASCri  text,  symbol  table,  and  object  pro¬ 
gram  as  well  as  the  conversational  as¬ 
sembler  program  itself  must  all  fit  into 
memory  at  once. 

Advanced  Assembler  Features. 

As  assembly  language  programming  ex¬ 
perience  increases,  some  of  the  more 
sophisticated  assembler  features  avail¬ 
able  will  be  appreciated.  Although  these 
features  have  been  rare  in  hobbyist  ori¬ 
ented  systems,  the  assemblers  being 
supplied  with  recently  announced  floppy 
disk  systems  generally  have  most  of 
them. 

One  such  feature  is  macro-instruction 
capability.  A  macro-instruction  (often  ab¬ 
breviated  as  "macro")  is  one  that  may 
generate  many  machine  language  in¬ 
structions  when  assembled.  When  writ¬ 
ing  a  program,  macro-instructions  may 


same  dummy  argument  in  the  LHLD  in¬ 
struction  as  in  the  prototype.  The 
.MEND  signals  the  assembler  that  the 
macro  definition  is  complete.  The  defini¬ 
tion  is  then  saved  by  the  assembler  in  a 
special  table  in  memory  reserved  for 
that  purpose. 

Figure  2  shows  the  use  of  this  macro¬ 
instruction  in  a  program  (octal).  In  this 
example  all  of  the  instructions  generated 
when  the  macro  was  expanded  are 
shown  on  the  listing  with  a  preceding  mi¬ 
nus  sign.  Generally  the  assembler  will 
have  a  command  that  would  suppress 
printing  of  these  expansion  instructions 
if  desired.  With  a  good  library  of  macro 
definitions*  assembly  language  pro¬ 
gramming  may  become  almost  as  easy 
as  programming  in  a  higher  level  lan¬ 
guage. 

Another  advanced  feature  is  called 
"relocatable  object  code"  capability.  An 
assembler  having  this  feature  supplies 
additional  information  in  the  object  file 
so  that  it  may  be  later  loaded  into  memo¬ 
ry  anywhere  desired  completely  auto- 
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Fig.  2,  Example  of  use  of  a  macro-instruction . 


be  used  just  as  if  the  microprocessor  ac¬ 
tually  had  them  as  real  instructions  in  its 
repertoire. 

Macros  can  be  defined  by  the  pro¬ 
grammer  at  the  beginning  of  his  pro¬ 
gram  according  to  his  needs.  Although 
exact  details  of  macro  definitions  and 
usage  differ  among  various  assemblers, 
a  typical  macro  definition  is  shown  in 
Fig.  1.  The  .MACRO  on  the  first  line  al¬ 
erts  the  assembler  that  a  macro  defini¬ 
tion  follows  rather  than  ordinary  program 
instructions.  The  next  line  gives  the 
macro  prototype  which  defines  how  the 
macro-instruction  would  look  in  a  source 
program.  The  symbols  preceded  by  dol¬ 
lar  marks  are  sometimes  called  "dummy 
arguments"  because,  when  the  macro¬ 
instruction  is  actually  expanded  by  the 
assembler,  they  are  effectively  replaced 
by  the  actual  symbols  used  in  the  mac¬ 
ro-instruction.  Following  the  prototype 
are  the  actual  machine  instructions  that 
would  be  generated  when  the  macro- 
instruction  is  used.  Note  the  use  of  the 


matically  without  difficulty.  A  special  re¬ 
locating  loader  must  be  used  to  interpret 
this  extra  information  and  load  the  object 
file  into  memory.  Not  only  are  the  ad¬ 
dresses  of  all  jump,  call,  and  direct  ad¬ 
dressing  instructions  changed,  but  ad¬ 
dress  constants  and  other  location  de¬ 
pendent  symbolic  references  are 
changed.  An  additional  feature  of  the  re¬ 
locating  loader  allows  several  object 
files  that  were  generated  at  different 
times  to  be  linked  together  into  a  single 
coherent  program  with  all  calls  and 
jumps  between  the  separate  "modules" 
properly  adjusted.  This  feature  greatly 
facilitates  the  use  of  subroutine  libraries 
without  having  to  copy  all  of  the  source 
code  into  the  program  being  developed 
every  time  a  subroutine  from  the  library 
is  needed. 

With  this  little  bit  of  background,  the 
reader  should  be  able  to  evaluate  more 
fully  the  assembly  language  program 
development  facilities  of  a  particular 
system.  O 
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HOBBYIST  COMPUTEB  CLUBS 
COMPILED  BY  Popular  Electronics 

(Additions  to  list  published  April  1977) 


CALIFORNIA 

Association  tor  Educational  Data  Systems 
c/o  Dr,  Jane  D.  Gawronski 
Dept  of  Education 
6401  Linda  Visla  Rd. 

San  Diego.  CA  921 1 1 
Inland  Computer  Society 
c/o  Tom  Munnecfce 
P.O.Box  55052 
Riverside.  CA  92517 

Southern  California  Computer  Society 

P.O.Box  54751 

Los  Angeles.  CA  90054 

ILLINOIS 

sees  5063 
c/o  Roy  Emerson 
14904  S.  Calls  Ave. 

Posen,  IL  60469 

St.  Louis  Area  Computer  Club 

c/o  Lou  Elkins 

Box  1  1 43.  Si.  Louts.  MO  631 88 
MASSACHUSETTS 

Boston  Computer  Society 
c/o  Donald  Bradley 
1 23  Commonwealth  Ave. 

Boston.  MA  021 16 

Greater  Boston  Computer  Users  Group 

c/o  Steven  Hatn 
40Wilshire  Dr.  (Door  2) 

Sharon,  MA  02067 

MINNESOTA 

Minnesota  Computer  Society 

P.0.  Box  3531 7 
Minneapolis,  MN  55435 

MISSOURI 

5L  Louis  Area  Computer  Club 

c/o  Lou  Elkins 

00X1143.  St.  Louis,  MO  631 88 

NEBRASKA 

Mid-America  Computer  Hobbyists 
c/o  LL  Tom  Smith 
2708  Calhoun  $L 
Bellevue,  NB  68005 

NEVADA 

sees 

Quentin  C,  West 
15  Ballerina 
Henderson,  NV  89015 

NEW  JERSEY 

sees 

c/o  William  Staatse 

Box  947,  McGuire  AFB.  NJ  08641 

NEW  MEXICO 

US  Robotics  Society 
Box  26484,  Albuquerque,  NM 

NEW  YORK 

Stony  Brook  Homebrew  Computer  Club 

c/o  Dr.  Ludwig  Braun 

College  of  Eng.  and  Applied  Science 

Stale  University  ol  New  York 

Stony  Brook.  NY  11794 

OHIO 

Dayton  Microcomputer  Association 

Dayton  Museum  of  Natural  History 
2629  Ridge  Avenue 
Dayton,  OH  45414 


North  Central  Ohio  Computer  Club 

c/o  Bill  Hicks 
618  Teakwood  Courl 
Gallon,  OH 

OKLAHOMA 

Tulsa  Computer  Society 
P,0.  Boxl133 
Tulsa,  OK  74101 

PENNSYLVANIA 

Northeast  Computer  Association 
834  Lawler  Slreel 
Philadelphia,  PA 

St.  Thomas  District  HS  Computer  Club 
1025  Braddock  Avenue 
Braddock,  PA  1 5104 
Wilkes  College  Computer  Club 
c/o  Eric  Jansen,  Math  Dept. 

Wilkes  College 
Wilkes-Barre,  PA  18703 

TEXAS 

Panhandle  Computer  Society 

c/o  Tex  Everett 

2923  S,  Spring 

Amarillo,  TX  79103 

Theater  Computer  Users  Group 

Theater  Sources  Inc. 

4712  Northway  Dr. 

Dallas.  TX  75206 

VIRGINIA 

Roanoke  Valley  Computer  Club 

c/o  Lee  Yosafai 

2026  Wyn mere  Dr.  S.W. 

Roanoke,  VA 

WISCONSIN 

Durant  Club 

c/o  James  White 
901  S.  12th  Street 
Walertown.Wl  53094 

CANADA 

Montreal  Micro-68  Computer  Club 

Case  Postala  al  Succor  Sale 

Montreal,  Canada  H4Y  1A2 

Ottawa  Computer  Group 

P.O.Box  13218 

Kanata,  Onlario,  K2K1X4 

Societe  <f  Informatique  Amateur  du  Quebec 

IRlSCOdu  Quebec  Inc. 

376  duRoi,  Suite  304 
Quebec,  Canada  PQ  2WG 

ENGLAND 

Amateur  Computer  Club 
7  Dordeils 

Basildon,  Essex,  England 

JAPAN 

Japan  Microcomputer  Club 
First  Ohkura  Building  4F  2-1 
Nihoubashi,  Chuo-ku, 

Tokyo,  Japan 

MEXICO 

Carlos  de  Leon 

Avenue  Chapuitepec  31 8-603 

Mexico  7,  DF,  Mexico 

II  your  club  was  not  listed  in  the  previous,  or  this 
coverage,  please  inlorm  "Computer  Bits,”  POPU¬ 
LAR  ELECTRONICS,  One  Park  Ave,,  New  York, 
N.Y.  10016. 


FOR  YOUR  OWN 

PERSONAL 
COMPUTING. 
POWER 


with 

MOTOROLA'S  EDUCATOR  II 
MICROCOMPUTER  HEP  KIT 

•  Motorola  M6800  Technology 

■  Test-as-you-build  in  easy  steps  — 
normally  one  evening  assembly 

•  Completely  self-contained  with 

all  parts,  cabinet  and  instructional 
manual 

Learn  MPU  theory  and  programming  as 
you  build,  and  then  get  ready  to  expand 
your  computing  power  with  these  new 
accessory  kits  that  will  be  coming  soon— 

•  Video  Display  Card 

•  Keyboard  Kit 

■  Module  Card  Rack  and  Power  Supply 

•  Memory  Modules 

•  Application  Programs  on  Cassettes 

Also  available... 

MOTOROLA  HEP  EDUCATOR  II 


POWER  SUPPtf. 


•  5  V  @  1.0  Amps 

•  Designed  specifically  for  Educator  II 
Microcomputer  Kit 

•  Complete  Kit  — all  parts,  cabinet 
and  construction  manual 


Send  today  for  more  information  about 
Educator  II 

Please  print  label  dearly. 


NAME 


ADDRESS 


CITY 


ZIP 

MOTOROLA 

Semiconductor  Products  tnc . 


STATE 

HEP/MRG  OPERATIONS 
\^7Q5  West  22nd  Street  — Tempe.  AZ  B5282 J 
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Tips  &Techniques 


BLOWN-FUSE  IMOICATOR 
This  simple  circuit  will  enable  you  to  tell 
at  a  glance  whether  you  have  blown  a 
fuse— without  removing  the  fuse  from  its 
holder.  As  tong  as  the  fuse  is  good,  no 


current  will  flow  through  ft f  and  11.  an 
NE-2  neon  bulb.  If  the  fuse  blows,  the  ac 
lakes  the  alternate  path  through  R1  and 
H,  A  47h000-ohmr  Vi- watt  resistor  is 
used  to  limit  current  through  II  to  a  safe 
value.  Mount  II  in  any  convenient  (but 
visible)  location.— Ross  Thompson.  Us- 
towel! t  Ontario,  Can. 


INEXPENSIVE  ELECTRIC  EYE 

Here's  an  electric  eye  that  can  be  built 
from  junkbox  parts.  It  consists  of  a  CdS 
photocell,  a  7486  exclusive-OR  gate  1C, 
an  npn  switching  transistor  (2N3055  or 
similar)  and  a  small  electric  bed.  When 
no  object  interrupts  the  light  path  from  a 
lamp  to  photocell  LDR1.  both  mputs  to 
the  ex-OR  gate  are  low.  Thus  the  gate's 
output  is  low  and  the  transistor  is  cut  off. 
Interrupting  the  tight  beam  causes  the 


0ESOL0IRING  BRAID 

An  inexpensive  source  of  desoldering  wick' 
is  the  outer  conductor  of  RG-5B  and  RG-59 
coaxial  cable  Cut  your  scrap  into  0-  to  10* 
inch  (20.4-  to  25.4-cm)  lengths.  Hold  the 
braid  and  inner  conductor  firmly  with  pliers, 
and  pull  ofl  the  outer  insulating  jacket  with 
your  free  hand  Then,  push  ihe  two  ends  of 
the  braid  together  to  loosen  it,  and  puli  oul  the 
inner  conductor  and  surrounding  insula¬ 
tion—  Arnold  frying,  Cooper sburg,  PA 

TEST  JACK  ADAPTER 

Have  you  ever  bought  a  new  meter  or  other 
piece  of  test  equipment  only  to  discover  that 
none  of  your  standard  li-inch  spaced  tesi 
plugs  will  fit  the  jacks  on  it?  It  you  can't  or 
don't  want  to  modify  your  new  piece  of  gear 
by  slotting  the  test  jack  mounting  holes,  con¬ 
sider  this  Simple  adapter  you  can  make  to 
rectify  the  situation  All  you  need  are  a  pair  of 
banana  jacks,  a  pair  of  noninsulated  banana 
jacks,  and  a  114-inch  (3  81-cm)  square  piece 
of *  1  ii'inch  (3  2  mm)  thick  plexiglass  or  bake- 
tile  Round  the  comers  of  the  plastic  and  drill 
two  holes  at  opposite  corners  for  the  jacks, 
spaced  ^-mch  (  i  9-cm)  apart  Then  carefully 
measure  the  spacing  between  the  test  tacks 
on  the  new  equipment  and  drill  holes  for  the 
plugs  in  the  plastic  square  to  match  this  spac¬ 
ing  Assemble  and  wire  Ihe  plugs  and  tacks 
and  you  re  all  set.— Donald  fl  Htcke.  San 
Die  go,  CA 


gate  output  to  go  high  and  the  transistor 
to  conduct,  energizing  the  bell.  A  6-volt 
lantern  battery  can  be  used  as  a  power 
source.  All  parts  can  be  obtained  for 
about  $3  from  a  surplus  house.  A  simple 
pc  board  is  used,  and  can  accommodate 
up  to  four  independent  circuits,  each  us¬ 
ing  one  gate  in  the  quad  ex-OR  tC  The 
entire  alarm  can  be  mounted  on  a  T  0-3 
heat  sink, — tfenneffr  0.  Bias.  APO  SF 
96286. 


PC  DRILLING  GUIDE 

Here's  a  handy  guide  for  drilling  1C  pin 
holes  on  a  pc  board.  Epoxy  a  length  of 
discarded  Mofex  Soldercon  holder  strip 
to  a  block  of  wood  as  shown.  Attach  a 
few  strips  of  double*faced  adhesive  tape 
(Scotch  No.  666  or  equivalent)  to  the 


bottom  of  the  block  to  prevent  slippage. 
Hold  the  block  on  the  pc  board  with  one 
hand  and  make  indentations  with  an  awl 
at  each  "valley"  along  the  holder  strip. 
Then  remove  the  block  You  will  find  a 
line  of  depressions  that  can  easily  be 
drilled  through  the  board,  exactly  0/T 
(2.54  mm)  apart,—  Robert  J.  Murrell *  Ve¬ 
rona.  PA 

1C  SOLDERING  AID 

To  prevent  heat  or  static  damage  to  an 
integrated  circuit  while  soldering,  push 
the  pins  of  the  device  through  a  few 
sheets  of  aluminum  foil  measuring  2'1  x 
2"  (5,1  x  5. 1  cm)  Then  mount  the  1C  on 
the  circuit  board.  The  foil  will  dissipate 
heat  and  electrically  tie  all  the  pins 
together  When  the  1C  is  in  place,  tear 
away  the  foil.  Check  carefully  for  stray 
pieces  of  foil  before  powering  the  board. 
The  foil  will  generally  come  away  in  a 
few  pieces  without  leaving  tiny  scraps  — 
Aart  M  Olsen.  Newark,  OS. 


BIKE  LIGHT  SAVER 

I  installed  a  Soubiiez  alternator  to  power  ihe 
head  and  tail  lights  on  my  bicycle.  Unfortu¬ 
nately.  I  found  that  ihe  bulbs  were  burning  out 
rather  quickly  when  f  was  travelling  at  speeds 
greater  than  15  mph  The  problem  was 
solved  by  installing  two  zener  diodes  back-to- 
back  as  shown  m  the  figure  Before  Ihe  modi¬ 
fication,  Ihe  alternator  output  was  6  volts  rms 
at  speeds  greater  than  6  mph.  After  the 
change,  the  voltage  applied  to  the  bulbs 
dropped  to  about  4  9  volts  rms.  Bulb  life  was 
considerably  extended  wrthoul  significant  re¬ 
duction  of  tight  output  tn  the  diagram  left, 
the  miniature  headlight  (if)  is  rated  at  6  volts 
and  300  mA.  The  tailtght  [12)  is  rated  at  6 
volts  and  100  mA  The  two  zener  diodes  (Df 
and  D2)  are  rated  at  6  volts  and  3  watts. 
Higher-powered  zeners  can  be  used — D  F 
O'Connell.  PatoAHo .  CA 
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Operation  Assist 

•  L’l'  <*r t  tfr  flu.tiJatle  f  fir  r,tr& 

<f*±,,'4i|.r  iutt *  >i  H.'r  d'-n^riPi 
rT'-=jM  lift  ,i»^r  ^in^ij  I  'fj  Ope^j- 

(■OdAiS^I  Popular  EaurwiN  t^i  I  n.yr*  4tr  -'ten  to** 
■jy  f  ft  f-A*  fftfi'.v  *WUJ  L<tr  >'m  *-.'j il*’1  ,-i-LMit  rti 

•IUf'Q  n,  y,  r*Ul>N  Urek  a/V/MS*  ,tff  it  tJ'-H,  tWn-  ^ 

. . .  *•*?  ojJl,.? .j| nuiT  ■  f  J^,.j;>r^  -h  »,w 

►  '  l"'  r  vJ  . . 


American  Scientific  Development  TV  20  tuoo  laslur 
Schematic.  operating  manual,  chan  Wtu  buy  at  copy  Terry 
Nk*on  RH  L  9 g*  182  Polos>  MO  63664 

Sprague  TO  3  capacitor  checker  hteed  15-wmt  SQ-kohm 
power  pfieuvai  Ray  Parsons  Jr  .  Portsmouth  Ave  .  Stra¬ 
tum.  NHU3885 

Krlm  Match  Maker  serial  3303003  Sehdmatc  and/or 
specilscations  such  as  Irpqueney  impedancfl.  etc  Bob  Dia- 
nell*.  00  BNingion  Rd  East  Aurora.  NY  1 4053 

AOS  iC-RS-62  eigtiMrach  recorder  player  Scttemalic 
Henry  D  Mikkelsen.  VAHospKal  Manon.  tL  63950 

Gran  Sonic  GS  2  stereo  recover  Schematic,  also  nc«d 
power  transformer.  marked  SAT-260  OCM  JohnD  G»H.  Rtc 
5  Bo*  370  Btoumville  TN  37617 

RCA  WO910  oscilloscope  Operating  manual  Donald  R 
Anthony  631  Laniard  Si  Corpus  Chrtstt.  TX  78406 

Allied  Knight  B3Y102  Slar  floamgr  radio  Schematic  Will 
oaf  or  copy  Gerald  For  Fo*  Electronics.  Bo*  890  Hte  3 
New  ktolraw.  PA  17557 

RCA  WP  23A  regikaiod  power  supply  Schemata.  uporat- 
ing  (ny/or.tws,  or  service  manual  Ronald  GJten,  Bo*  383. 
Husirsiord.  Wi  53034 

GartriviiJon  video  lape  recorder  Source  ql  tapes  and 
spare  pans  Donald  Weber  1333  N  Cam.noAlto  Apt  245. 
Valleyc  CA  94590 

Bell  A  Hawaii  34  ostiltoscoixr  (DoVry  Insl  of  Tech  |  Op 
cfaMig  manual  schematic  R  Wood  465  San  Antonio.  Pato 
AM4  C  A  94306 

Hlckeh  640  McJUncope  Schematic  and/or  service  manu¬ 
al  Robed  Zusman.  200  East  Indian  Spong  Dr  Silver  Sprung 
MO  2090 1 

Liffjrtf  TM-9B0  AM  FM  reahvar  Schematic,  ca#ffiLngi 
manual  and/or  pads  list  Psl©F  B  Tnppelt  5flT  Gkm  Rd  . 
Sparta.  Nj  07071 

Frrdcn  paper  lapt  readers,  lypewnHNS,  Juslownte/s  Sche- 
maflCS  operating  instruction*  J  I  Taytor.  Box  289.  Salem 
MA  01970 

General  Radi  at  Stephen*  MC  5  GB  transceiver  Sche¬ 
matic:.  manual  Enroll  Electrons  RR  2  Bow  61 ,  EHingham 
IL6240! 

TcktrCnJv  564  scope  Need  3B3  T+mo  bas^  3A6  veilical 
plug  in  nain&sJri  B  pBnkh,  PO  Bo*  17356,  Bomb  Ay  400 
058.  India 

Fift  her  400  f  ece i  vor  Schema  IrC  and  tot  irdorniaiian  on  po  w  - 
or  trae^loTmcr  Moanawn  3 — 29SHH  Cdoiole  Schematic 
power  capabHihes  d  15'  woofers  iha(  come  wilh  ajnsole 
Thom  Fibpcwli,  Rte  1  Box  39  2.  Cbnn^  Lane.  Shingle 
Springs.  CA  95662 

Rodin  City  488  multimeter,  aica  1942  Schemalrc  and  any 
other  infortnahon  Joe  H  HtbbF  97 1  67  Bordcm  Rd  .  San 
Marcos  CA  92069 

J  nek  son  fnrttmument  64 1  A  signal  generalte  S.:henial*c 
.itignmeni  pnxredure  JM  Nightingale  16?5  Comox  St. 
Vanoauvor.  0  C  Canada  V6G  ipj 

Pbi‘wir«nlci  SR-55  calcuialor  CNrner  %  manual,  source  o[ 
case  and  keycaps  Ivan  D^ombak  621  Sprung  5i  Lahcb®. 
PA  ^5650 

Kaar  TR-5G5  uhf  repealer  Schematic  owas/i  manual  or 
any  mb  VC  Reed  Jr  i iCM  Abhei  Ln  Park  Forusi Souih, 
IL  60466 

Solid  SIa(*  Device*  Trigsweep.  rarca  lale  1960  S  ln- 
slnjdion  manual,  pc  artworK.  pans  lisl  John  A  Kaftan,  9720 
Propped  Ave  Chicago.  IL  60643 

Superior  In^lfumcnti  707  or  707’ A  VOW  mulirtester 
Schemattc.  instruction  manual,  pads  Srsl  Buy  or  copy  Arthur 
Knqttef  94  BenrielT  Ave  Noptuno  City  N J07  753 


AuUnrford  BI6R  pulse  genoralor  serial  I7i  Service 
manuat  and  pr  schemai-e  Vilsoii  Sitvmra  7706  Re^nt  Avo 
N  Brooklyn  Paik  MN  65443 

MaHtii  407  fuel 'lO’ reel  letordet  Schemalrc  service  manu^ 
al,  ot  any  into  T  K  Flanagan,  U  S  Bkwlish  (SSN  67&|  FPO 
NY  09505 

HGA  Berkshire,  cjrtii  i94g  Lileraiure  aiyrdata.  also  speak' 
£/  Fflbns  3626  Mprne  Dr  San  Jose.  C A  95137 

Ti-jkn*lcord*r  TRJJXJ  reel-lo-rael  recotfler  Need  «Ta&e 
and  record  head  Erase  head  has  ?30jmH  tndudance.  1  b-  V 
dc  erase,  dt"  bias  Play  reepitj  head  has  360  mH  irbuctarvje. 
0  2V  bits  Cun  Pqtrre,  990  Wavcdreo  Rd  Norih  Vanoou 
vet.  B  C  Conadii  V7R  iSS 

HwafchAK  0-8  oscjllcisoope  Schemata  and'o*  ccfistn^Uon 
manual  Fndo  W  Busch mann  3736  Pine  Rd  Hunliiigdon 
Valtoy.  PA  19006 

HsalMit  012  oscilloscope  Need  power  iramlonncr 
henneirii  Ruffrnes.  356  O  &ran  Dr .  Stwe  MounPun,  GA 
30088 

Cro«t*r  96  moo  Crrca  laid  30  s  Schomalic.  power  Trans 
lorme/  Richard  R  hitYene  FIFO  *1  Riwr  Rd  Kenre Dunk- 
port  M£  04O4G 

Harcunr  Eltctfonkl  1 101  tube  jester  M^nuatS.  Any  in- 
lormaiion  James  B  MaMm  l  70S  Dave  Di  McAJesler.  OK 
74yji 

Atwater  Kent  35  radio,  sen  Hi  772713  Dategf  production, 
value  Kenneih  J  Roberds  Bex  367  Barling  AR  72923 

Trancom  RCT  203  Audio  data  terminal  with  strip  pnnter 
Schematic  and/pt  manual  Will  pjy  for  copysnCf  J  Bryan 
Locilbourrow  Box  1237  Mountainside  NJ  07092 

Cwnlu-r  VT-IO  V7VM  Scfie^ilaic  operating  manual, 
probe  Eico  232  VTVM  Sober  rahe  opcfaling  manual, 
pretw  5up«enw  542  muik  meter  Schemalrc.  opertihng 
manual  AH^C  Fry t?u  3735  Foirrr>i?n!  0/  New  Orleans  i-A 
70  V  22 

Sharp*  HA-10A  or  el  her  Sharpe  headphones  Source  Dr 
James  P  Gallon,  45  EasT  End  Ave  Apt  5A  New  York.  NV 
10028 

Prociiion  TOO  VOM  Simpson  31 1  VTVM  Schematrcs 
Alan  Ntjrvillff.  Rt«  *2  Box  283.  Forest  City.  NG  20043 

HilNcraflor  S-38-i  Schematic,  sitiqn-rienl  manual,  ot  Hny 
rr^o  Steve  L  Porter  429  BslSAhi  Rogei&  Oly.  Ml  49779 

Coiaar  250  ciftciHoAOCHW  Motorola  FMT RtJdODi A 1 1 C2C 
mobile  2‘iTKjler  transceiver  Scheniahc^.  operating  n^anuate. 
any  other  mfo  David  Eubank.  Box  1 13.  Greenup  IL  62420 

SFy  ora  flaw  VhF  Super  phone  AMT-9  trantmnlef,  AMR-4 
re carver  Schemarics  and  any  other  mf&  Al  Gwmn  332* 
Bo  vet  ly  Dr  Dallas  TK  75205 

Radio  Shack  28- 1 38  color  organ  Ni  Schematics,  pans 
list,  or  irtstrucluvi  manual  Gary  GirzGh.  4865  St  Kevm  #3. 
Monjreal.  P  O  Canada  H3'rV  i  Nfl 

A.C»  Coasor  1434  pfeamptitrec  Souror  ol  120-V  battory 
A,G-  Co**m  1043  MKH  osolk) scope  Original  camera. 
CRT  Claude  Nm*b.  7427  Boyo*  Si .  Monlreal.  PQ  K2H 
2R9 

Olmon  AM  240  50-wahl  amplifier  Output  translomndrs  fl- 
ohm  c^iipu;  .mfxc^janci?  'H  0  WeLts.  t72  TgpslnHd  Rd  ,  P41i 
burgh.  PA  15241 

Earle  Pacific  720  I'equerty  epumer  Service  manual, 
setwrnauc  parts  lisl  source  lo*  EtesLa  E210A  and  But 
roughs  5031  Eubvs  tor  coupler  Gordon  Wheatley.  9  Lyrvrv 
grove  Ave  Toronto,  Qniano,  Canada  MAX  1M3 

CoHrn*  32V2  Eransmitter  irralruction  rn^rtuot  Marvin  E 
Weher  Box  1?61  Aiamogofclo,  NM  J*83i0 

RoaUmtlc  212  preampthDr,  210  utlra  bnoar  ampliliot  Any 
into  R  A  Rougo  Bo*  92,  Hollywood,  C A  90028 

U.$.  Govt.  RAG  2  Navy  ahortwav^J tflcdiv«f  iNal*onal  type 
NC  I20|i.  No*y  CNA-4S107  S*<hece  manual  and/pr  sche¬ 
matic  David  L  L  arson  1 30 1 ( ?  S  Ri  st  Horli  nge  n.  T X  78550 

Precision  EV10A  VTVM  Sclwmalic  maeual  Willis  J  Bail 
320Rtuxam  Aue  Londori,  Ontario.  Ganndo  N6J  3K6 

Cromtey  ShowTxm.  circa  early  1900's  Shemaic.,  any  re¬ 
building  or  service  into  Kenneth  Hutlines  356  Q  Brian  Dr 
Slone  Mountain.  G A  30080 

National  SW  3  uxeiver  Need  sow&5  tO-M  Oorts,  band- 
itpread  if  possible  Manm  Edetheit  2J5-2T  77  Crescent  Bel’ 
lerewfi.NY  i  m26 
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Sign*!  Corps  BC458- A  transmitter.  Schematic  and/or  op¬ 
erating  manual  Dan  Wiilama,  Rte  50, 0  Cerrito,  CA  84530, 

H»«thkH  W-3AM  amptBier.  with  or  without  matching  WA¬ 
PS  preampUfier  Source.  David  Hay«.  35  Cotton  St.,  Gan¬ 
der.  NIW  .  Canada  At  V  1E3 

WW  II  Equipment.  Model  RDO  {Navy  issue)  receiver  (drca 
1945);  Model  AN/5PR-2  receiver;  Model  AN/APA6A  oscil¬ 
loscope  Schematics  and  general  manuals.  John  Andrews  III, 

1 101 1  Waycroft  Way,  Rockville.  MD  20852 

Stephens  'Truphortc**  rmdr&nge  speaker  systems.  Circuitry 
and  parts  information  Frank  J.  Burris,  35640  Avenue  F,  Yu- 
ca»pa.CA  92399 

Bunker  Rime  Model  203-0* MON  teferegster  video  tteptay 
Schematics  and/or  service  manual  F  AscokHo,  Park  Lane, 
North  Windham.  ME  04062 

Microsystems  international  DTMF  receiver  card  Schemat¬ 
ics  end  manuals  or  any  available  information  on  louch-tono 
receiver  cards  James  Chochos,  Jr  .  A«E  6107.  San  Luis 
Obispo.  CA  93409, 

Phllco  Model  41-606.  Code  122  radio-phono  combination 
Schematic,  parts  fet.  lubes  and  parts  source.  R.  GaHigan, 
Box  326.  Niarrtic,  CT  06357 

Leak  point-one  stereo  preamplifier  and  stereo-fifty  power 
amplifier.  Aflac  Lansing  Model  445A  stereo  preamplifier. 
Schematics  needed  Bill  Raihyen,  19  Broadway,  Bayonne, 
NJ  07002. 

Simpson  Model  330  lube  checker  Schematics,  operations 
manual  and  current  lube  sheet  Duane  Sctah,  824  La  Porte 
Dr . ,  La  Canada.  CA  9 1 0 1 1 . 

Meissner  Analyst  Operating  and  service  manual  John  Gra¬ 
ham.  Box  1 86.  Wurtsboro.  NY  1 2790 

Superior  Instrument*  Model  77  VTVM  Schematic  and/or 
service  manual.  Mr.  Test.  P  O  Box  9064,  Newark,  NJ  07104. 

Ekflco  Model  MT  2  2-meter  AM  transmitter.  Schematics  and 
operations  manual  Francis  H.  Bailey,  541  Hill  P.O-.  Dudley, 
MA  01570 

Kepco  Labs  Model  150  rack-mount  variable  power  supply. 
Schematic,  parts  list  and  wiring  diagram  Also,  Crystal  Re¬ 


search  Product*  Model  203  crystal  Checker.  Schematic  and 
any  available  information  Craig  K  Sefien,  Box  293,  Carbon- 
dale.  PA  18407. 

Micron!*  Model  22-012  lube  tester  Need  tube  chart 
Charles  A.  Mizera.  3226  N.  Kostner  Ave..  Chicago.  IL  6064 1 . 

Ctough-Brengte  Model  111  frequency  modulator.  Opera¬ 
tions  manual  or  any  available  information.  G.  J,  Kiip,  1 1 1 5  Li¬ 
lac  Lane,  Weal  Lawn,  PA  1 9609 

Heathktt  Model  tG-62  color  bar  and  dot  generator.  Sche¬ 
matic  and/or  service  manual.  Earl  D.  Kent,  810  E.  1st  St,, 
Emmett.  ID  83617 

Panasonic  Model  RF-1006M  AM/FM/WB  radfo  Schematic 
and  operations  manual  Bruce  Stanley.  350  Beechwood 
0  T  S  .Granburg,  TX  76046 

B4K  Model  1075  television  analyst;  Model  A107  Dyna- 
Sweep  droit  analyzer;  Model  445  CRT  tester.  Service  and 
operation  manuals.  Paul  S.  Panikowski,  5006  Edgewood 
Rd  .  College  Park,  MD  20740 

Cartridge  Television  tnc.  Model  MCA -0001  video  camera 
Schematic  and  service  manual.  Michael  A.  Lizzie,  Apt.  8C. 
Clover  Path,  Spring  Hill  Apis  ,  Maple  Shade.  NJ  08052 

Re  Hector,  parabolic  Need  source.  Abort  Bhualapher. 

5006  W  Pulterton  Ave,  Chicago,  IL  60639. 

Jackson  Model  TVG-2  TV/FM  sweep  aUgnment  generator. 
Schematic  and  operation  manual  Eden  Rubin,  227-12  57th 
Ave.  BaysWe.  NY  1 1364 

Measurement  Control  Device*  Model  300  oscilloscope. 
Schematic  and  manual  Michael  E  Headnrg,  7760  NW  1 71 
Si  .  Hialeah,  FL  330 15 

Automatic  Radio  Toni  Boy”  AM  radio  (circa  late  1930  s- 
earty  40's)  Parts  bst  and/or  schematic  C.  Walker,  131  Ber¬ 
nard  SI..  San  Frandsco,  CA  941 09, 

Precise  Model  305R  triggered  scope.  Schematic.  parts  list 
and  instruction  manual  WHKamH  Bragg.  1424  Collage,  Des 
Momes,  1A  50314 

Trsnsoom  Electronics  Model  SBT3  SS8  transceiver.  Align¬ 
ment  nst ructions,  schematic  and  any  other  available  Infor* 
malion,  Ari  Procopfo,  QSL  Bureau.  P.O.  Box  22  Lat*e,  Sao 
Paulo  SP  1000.  Brazil 

Solid  State  Model  ST-1000  TV  camera.  Any  available  infor¬ 
mation  Leigh  Ktotz,  Jr.,  119  Harmony  St  ,  McComb.  MS 
39648 

Honeywell  Model  TCM-31-C  memory  Need  RAC  card  lay¬ 
out  Joe  Schram.  Box  181 B  Washington.  OC  20013 

Halhcratter  Model  536E  shortwave  receiver  and  Precision 
Model  E-200  signal  generator.  Need  schematics.  S.  Bergen 
Wilson,  1403  Lyttteton  Si .  Camden,  SC  29020 

Hammarlund  Model  FM50A  outer  com  and  Knlghtfcft  CaL 
No  83Y146  oscilloscope  Schematics  and  manuals.  James 
F.  Reuter,  2595  Marlborough,  Detroit,  Ml  48215. 

Radio  Compass  Type  R101/ARN6  receiver  control  box 
Harxfoook  and  RX  mounting  rack  needed.  Lionel  L  Sharp, 
1 9  Kelso  SJ„  Chermaide.  Queensland,  Australia  4032. 

American  Concerto ne  Model  505  reel-io-reel  tape  recorder. 
Schematic  and  service  Information,  Duncan  Crawford.  206 
Cedarwood,  Flushing,  Ml  48433, 

Rockland  Model  5500  frequency  synthesizer  Schemata 
needed  Thomas  Barrett.  39  Lake  Drive,  Monroe,  LA  71201 . 

Superior  Instrument  Model  800  allmeter  Schemata  and 
operating  manual.  Robert  E  Heltz.  317  Woodward  Ave..  Buf¬ 
falo,  NY  14214 

Navy  Surplus  oscilloscope  type  TS-34A/AP.  Schematic  and 
service  manual.  James  W.  Booker,  2808  W,  Boyce  Ave.,  Fort 
Worth,  TX  76133. 

Magnavox  Model  FM-16  AM/FM  radio.  Schematic.  Robert  J. 
Hewill,  318  N.  Greenbay  Rd,  Waukegan,  IL  60085 

Burroughs  9350-2  (Friden  #7311)  computer  lerrrinal  key¬ 
board/printer.  Control  uni l  schematics  and  maintenance 
manual  Gary  Alderman.  0615  Portsmouth  Dr..  Laurel,  MO 
2001 1. 

Grurvdlg  Model  M72  Px  musical  instrument.  Schematic  or 
lube  list  Greg  Bmverse,  311  Monroe  St.,  Valders,  Wl  54245 

Advance  Electronic*  Model  OS  15  oscWosoope.  Schematic 
and  any  available  information.  Anil  Rodrigues,  Gilpin  Ave., 
#t,  Wilmington.  DE  19806 

Wetator  wire  recorder  Recordng  wire  needed.  A.  Marko¬ 
witz.  9  Henneberry  Ln. ,  Goti,  IL  60029 


EMC  Model  600  osotoscope  and  Model  400  signal  genera¬ 
tor.  Schematics  and  instruction  manuals  J.  Massfog,  208 
Dickens  O.  Toledo,  OH  43607. 


Dumont  Type  241  oscillograph  and  Hickok  Model  RFO-5 
oscillograph  Schematics  and/or  parts  in  I®  A.  Elbot,  221  N. 
4th  St ,  Tonawanda,  PA  1 8840. 

Elco  Model  22 1  VTVM.  Meter  needed  HerveyC.  Cain,  Box 
66.  Coal  H41,  AR  72S32. 

Zenith  Model  6S532  2-band  table  rarifo.  Operating  manual, 
schematic,  parts  and  alignment  information.  A.  Hawk,  21  Rl- 
vercresl,  Hanover,  NH  03755. 

RCA  Model  WT-100A  election-tube  mcrombo-melef  Oper- 
atfon  manual,  schematic  and  tube  chart,  Danny  Tovar,  4700 
Rockmoor  Ln,  Fort  Worth.  TX  781 1 6. 

Halllcraffof  Model  CN-i  FM  convener.  Schemata  needed. 
H  A  Wicked,  5  Deerview  Ln.  Asheville.  NC  28604 

Concert  Company  Model  8003  Emilator"  Schematic  and 
parts  list  for  servicing.  Bud  Petersen.  801  Polynesian  Dr., 
Long  Beach,  C A  90805 

Canadian  Marconi  Model  C-2  frequency  indicator  (circa 
1943)  Schemata  and  operating  instructions.  M  Armstrong, 
243  Howard.  Sherbrooke.  PQ,  Canada. 

McMurdo  Model  900  SrVer  Vomax,  Schemata  and  operat¬ 
ing  manual.  Don  While.  109  Burns  Street.  Essexvile.  Mich¬ 
igan  48732 

Miranda  "Nocturne"  stereo  tape  recorder.  Schemata  or  any 
available  Information.  Walter  Baker,  162  N.  Queens  Ave.,  N, 
Massapequa,  NY  1 1 758. 

Microsystem*  International  touch-tone  receiver.  Manual 
and/or  schemata.  J.  Chochos,  Box  A-E  61 07,  San  Lula  Obis¬ 
po.  CA  93409 

McIntosh  ModPI  08  or  C-8P.  Looking  for  unit  B  Gerber, 
8221  Streamwood  Dr.,  Be  Ho.,  MO  21208. 

HaBkxafter*  Model  SXlOO  receiver.  Operator  s  manual, 
schematic  or  other  information.  Dale  C,  Vawtor,  117  AJtena 
St.,  San  Rafael,  CA  94901 . 

Recom  Model  2174-610  selective  voltmeter.  R.  Reed.  2054 
Bradley.  Ypstenti,  Ml  481 97. 

Hartman  "Hu  main  a"  vhf-FM  marine  transceiver,  5-chameL 
Circuit  diagram  and  manual.  Paul  Smith,  65  West  St,  New 
London,  CT  06320. 

Dumont  Type  322  dual-beam  oscillograph.  Service  or  sche¬ 
mata  David  Poseur.  6327  Everglade®  Of.,  Alexandria,  VA 
22312. 

Military  rad*  receiver  Model  R-440  (XN-1)  manufactured  by 
RCA  Operating  manual,  service  manual,  schematics  or  any 
available  information  Peter  Z  Simpson.  18  University  Dr, 
Natick,  MA  01 760. 

Kntghrt  Model  KG-2000  oscHfoecope.  Service  and  calibration 
data,  power  transformer  data,  and/or  source.  Ron  Hunter. 
308  Mertens  Ave. ,  Raone.  Wl  53405 

APELCO  Model  AE-31MA  radiotelephone,  AMECO  Model 
CMA  multiband  converter  and  BAK  Model  500  ’Dyna-Quk 
lube  tester.  Service  manuals  or  any  available  information. 
Herb  Mitechan.  1688  Baywood  Dr ,  Petaluma,  CA  94952. 

Phllco  Model  41-250  radio.  Schemata,  parts  list  and  parts 
source.  Charles  M.  Pache,  Box  208,  Marysvflte,  KS 66508. 

Phllco  Model  19  MK 11  wireless  set  with  Model  3AMKJI  corv 
trei  unit  Built  for  Russian  tanks  during  W  W  IL  Need  any 
available  informatioa  Qitf  Hdm,  1900  Grant  Dr..  Regina, 
Sask.  Canada 

Johnson  "Viking  Ranger  J"  transmitter  end  Drake  Model  2B 
receiver  Operation  and  service  manuals.  PaJ  Barbuto,  Box 
385,  Genesee,  1083832. 

DeVry  Tech.  Model  i  -1 5  5-inch  oscilloscope  Builder's  man¬ 
ual  and  calibration  instructions.  Andy  Van  loaner  4684 
Wakefield  N.E.,  Comstock  Park.  Ml  49321 

Mum  sequencer  oscillator,  Western  Electric  Model  TP25- 1 
artsjtifier  and  3-M  Model  78-9020  microphone.  Schematics 
and  parts  source  James  D,  Craig,  51 1  Cedar  St.,  Allentown, 
PA  18102. 

Crostey  Model  Super  1 1  radio.  Schemata  and  any  available 
information,  David  P.  Lesser,  82  Ro*ing  Green,  Amherst,  MA 
01002 

Teletype  Corp.  Model  15Y  typing  unit.  Schemata  and  In¬ 
struction  manual  Martin  H.  Bunahaft,  29A  Forest  Acres  Dr 
Bradford,  MA01B30 


THE  BWV  8700 
COMPUTER/ CONTROLLER 

An  exceptional  price  on  an 
applications  oriented  6503  based 

micro-processor  system 


THE  IDEAL,  LOW  COST  SOLUTION  TO  IMPLEMENTING 
THOSE  WILO  COMPUTER  BASED  CONTROL  SYSTEMS 
YOU  VE  BEEN  DREAMING  OF) 

PAIA  software  currently  available  or  under 
development  includes:  Music  synthesizer 
interface;  Home  applications  package  including; 
multi- zone  fire /burglar  alarm,  real  time  clock, 
energy  saving  heat /air  conditioning  control , 
computer  generated  ’door-bell’ r;  Model  real  road 
controller  and  more. . . 

8700  GOMPUTEfl/ CONTROLLER  KIT  S 140-05 

(requires  5v.  ft  i.  2A. ;  12v*  ft  150  ma, ) 
Shipped  direct  from  PAIA  (add  $3.  00  postage) 
Also  available  at  FULL  LINE  computer  stores 

DETAILS  IN  OUR  FREE  CATALD6 
*  DEPT.  7-P  •  1020  W.  Wilshlre  Blvd,  • 
Oklahoma  CMy.  OK  73116 

CWOf  NO  34  ON  FREE  IMWMATION  CAHO 
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POPULAR  ELECTRONICS 


Electronics  Library 


ELECTRONIC  TROUBLESHOOTING  WITH 
SIMPLIFIED  CIRCUIT  ANALYSIS 

by  Leo  Rozman 
The  author  aims  to  familiarize  the  reader  with 
a  wide  variety  of  circuits,  how  they  operate, 
and  how  to  localize  trouble  using  symptom 
analysis,  sigr*al  injection  and/or  tracing.  Us¬ 
ing  simple  circuits  (mostly  solid-state)  as  ex¬ 
amples,  the  author  covers  troubleshooting 
via  dc  and  ac  measurements,  the  effects  of 
passive  components,  identifying  circuits,  con¬ 
trols  and  adjustments,  and  symptom  analy¬ 
sis.  The  stress  is  on  practical,  time-saving 
techniques  in  repairing  radio  and  TV  receiv¬ 
ers. 

Published  by  Parker  Publishing  Co.,  West 
Nyack,  NY  10994 .  240  pages .  $12.95  soli 
cover. 


MODERN  ELECTRONICS  MATH 

by  Jenoid  R.  Clifford  and  Martin  Clifford 
Immediate  application  is  the  keyword  here, 
with  electronics  first  brought  into  the  picture 
on  page  21,  in  a  problem  on  adding  series  re¬ 
sistance.  Arithmetic,  algebra  and  trigonome¬ 
try  are  thoroughly  explored,  with  a  multitude 
of  examples  taken  from  electronics.  In  the 
section  on  square  root,  the  reader  is  shown 
how  to  calculate  current,  given  power  and  re¬ 
sistance.  In  the  chapter  on  trigonometry, 
phase  angle  and  impedance  calculations  are 
introduced,  among  many  other  areas.  A 
chapter  on  logarithms  gets  into  decibels, 
power  gain,  etc.  Four  chapters  are  aimed  at 
computer  math:  binary  numbers,  octal  and 
hex  humbers,  other  number  systems,  and 
Boolean  algebra. 

Published  by  Tab  Books,  Blue  Ridge  Summit , 
PA  17214.  664  pages.  $9.95  soft  cover, 
$12.95  hard  cover. 


THE  RADIO  AMATEUR  S  HANDBOOK  (54TH  ED.) 

by  fhe  ARRL  Headquarters  Staff 

The  1977  edition  of  the  radio  amateur's  "bi- 
ble"  has  been  revised  to  reflect  changes  in 
both  technology  and  amateur  radio  An  intro¬ 
ductory  chapter  explains  the  basic  character¬ 
istics  of  the  amateur  radio  service,  and  is  fol¬ 
lowed  by  chapters  dealing  with  radio  theory. 
The  handbook  is  well  illustrated  and  contains 
many  graphs,  formulae,  and  representative 
circuits.  An  expanded  chapter  on  radio  prop¬ 
agation,  a  section  on  radio  and  boating,  and  a 
frequency  chart  covering  vtf  to  uhf  are  includ¬ 
ed,  Among  the  new  projects  appearing  in  the 
handbook  are  an  $0-to-1 0-Meter  solid-state 


transceiver  with  digital  readout,  a  2-kW  8877 
linear  amplifier,  a  50-MHz  frequency  counter, 
and  improved  RFI  filters.  New  amplifiers  and 
a  mobile  antenna  for  220  MHz  are  featured. 
An  antenna  coupler  employing  fixed  capaci¬ 
tors  and  a  homemade  variable  inductor  helps 
beat  the  parts  procurement  problem. 
Published  by  the  American  Radio  Relay 
League ,  fnc.,  225  Main  Street,  Newington , 
CT  061ft,  704  pages.  $12.50  hard  cover 
($13.50  in  Canada,  $14.50  elsewhere),  $7.50 
soft  cover  ($6.50  in  Canada ,  SO.  50  else¬ 
where). 


ELECTRONICS  ONE-SEVEN,  VOLS.  1  AND  2 

These  two  volumes  (one  on  electronics,  one 
on  electricity)  are  revised  second  editions  of 
elementary  self-teaching  texts  that  first  came 
out  ten  years  ago.  Each  features  one  topic  or 
concept  per  page,  with  at  least  one  illustra¬ 
tion  on  every  page.  Coverage  is  thorough, 
and  very  little  math  is  used.  Each  volume  is 
made  up  of  seven  parts.  The  electronics  vol¬ 
ume  covers  electronic  signals,  electronic 
building  blocks,  electron  tubes,  semiconduc¬ 
tors,  power  supplies,  oscillators,  and  auxiliary 
circuits.  The  electricity  text  covers  ‘  producing 
electricity,"  dc  circuits,  ac  circuits,  LCR  cir¬ 
cuits,  test  equipment,  power  sources,  and 
electric  motors. 

Published  by  Hayden  Book  Co,,  50  Essex 
St.,  Rochelle  Park,  NJ  07662.  Electronics: 
1,000  pages ,  $21.95.  Electricity:  992  pages , 
S20-05.  Hard  cover. 


TV  TYPEWRITER  COOKBOOK 

by  Don  Lancaster 
As  the  "subtitle"  indicates,  this  is  a  “complete 
guide  to  low-cost  television  display  of  al¬ 
phanumeric  and  graphic  data  for  micro¬ 
processor  systems,  computer  hobbyists,  ham 
RTTY,  TV  titling,  word  processing,  and  video 
games.’'  The  author,  who  has  also  written 
other  electronic  “cookbooks,"  covers  TV 
typewriters  in  depth:  IC’s  forTVT  use,  memo¬ 
ry,  timing,  cursor  and  update  circuits,  key¬ 
boards  and  encoders,  serial  and  TV  inter¬ 
faces,  hard  copy,  and  color  graphics.  Dozens 
of  schematics  provide  information  for  building 
one's  own  TVT,  or  serve  as  background 
material  for  the  hobbyist  interested  in  know¬ 
ing  what’s  inside  the  kit  or  wired  TVT  he's 
bought- 

Publtshed  by  Howard  W.  Sams  &  Co.,  4300 
W.  62  SL,  Indianapolis,  IN  46206.  256  pages. 
$9.95  soft  cover , 


ELECTRONIC  SYSTEMS 
THEORY  ANO  APPLICATIONS 

by  Henry  Zanger 

This  text  exphasizes  how  to  use  available 
IC's  rather  than  how  to  design  circuits,  so  the 
stress  is  on  the  system.  There  are  chapters 
on  system  analysis,  transducers,  compo¬ 
nents,  communications  systems,  instrumen¬ 
tation,  control  systems,  and  reliability  and 
maintainability.  The  hardware  ranges  from  op 


The 
“Click 
and  Pop” 
machine 


only  by 


Ever  since  the  invention  of  the  re¬ 
corded  disc  annoying  ‘'clicks”  and 
"pops"  caused  by  scratches,  static 
and  imperfections  have  consistently 
disturbed  the  listening  pleasure  of 
music  lovers. 

Now,  SAE  introduces  the  unique  model 
6000,  an  Impulse  Noise  Reduction 
System  which  eliminates  those  un¬ 
wanted  sounds  with  no  adverse  effect 
on  the  quality  of  the  recorded  material* 

This  breakthrough  In  electronic  cir¬ 
cuitry  is  so  demonstrably  effective 
that  the  SAE  5000  is  destined  to  be¬ 
come  an  essential  part  of  any  sound 
system. 

The  SAE  5000  Is  compact  and  sleek, 
built  to  SAE's  exacting  standards,  and 
ready  to  enhance  the  performance  of 
any  system,  from  the  standard  receiv¬ 
er/turntable  combination,  to  the  most 
sophisticated  audiophile  components. 


SAE  is  proud  to  add  the  5000  to  their 
broad  line  of  Components  for  the 
Connoisseur. 


Scientific  Audio  Electronics,  Inc. 

P.O,  Box  60271 ,  Terminal  Annex 
Los  Angeles,  Cal.  90060 

Please  send  more  information  on  the 
5000. 
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Put  Professional  Knowledge  and  a 


COLLEGE  DEGREE 

in  your  Electronics  Career  through 


by  correspondence,  while  continuing  your 
present  job*  No  commuting  to  class.  Study 
at  your  own  pace.  Learn  from  complete  and 
explicit  lesson  materials*  with  additional 
assistance  from  our  home-study  instructors* 
Advance  as  fast  as  you  wish*  but  take  all  the 
time  you  need  to  master  each  topic*  Profit 
from,  and  enjoy,  the  advantages  of  directed 
but  self-paced  home  study* 

The  Grantham  electronics  degree  pro¬ 
gram  begins  with  basics,  leads  first  to  the 
A.S.E.T*  degree,  and  then  to  the  B.S.E.E. 
degree.  Our  free  bulletin  gives  complete 
details  of  the  program  itself,  the  degrees 
awarded,  the  requirements  for  each  degree, 
and  how  to  enroll.  Write  for  Bulletin  £*77. 

Grantham  College  of  Engineering 
2000  Stoner  Avenue 
R  O.  Box  25992 
Los  Angeles,  CA  90025 


Worldwide  Carter  Training  thru  Home  Study 
CIRCLE  NO  20  ON  FREE  ItfOGMATtON  CAW 


358  Ways  To  Save  On 
Instruments,  CB, 
Burglar  Alarms, 
Automotive  &  Hobby 
Electronics! 

The  more  you  know  about  electronics,  the 
more  you'll  appreciate  EIC0.  Every  EICO 
product  is  designed  to  provide  you  with  the 
most  pleasure  and  quality  performance  for 
your  money.  The  fact  that  more  than  3 
million  EICO  products  are  in  use  attests  to 
their  quality  and  performance* 

"BUILD-IT-YOURSELF”  and  save  up  to 
50%  with  our  famous  electronic  kits. 


For  the  latest  EICO  Catalog  and  name  of  nearest 
EICO  Distributor,  check  reader  service  card  or 
send  50£  for  fast  first  class  mail  service. 


EICO — 283  Malta  Street,  Brooklyn,  NX  11207 


Leadership  in  creative 
electronics  since  1945. 


amps  to  plotters,  the  math  from  Lapjace 
transforms  to  transfer  function  analysis,  in 
this  technical  look  at  a  wide  range  of  sys¬ 
tems* 

PuMshed  by  Prentice-Halt ,  Engtewood  Clifts , 
NJ  07632 .  352  pages.  $15.95  hard  cover ■ 


COLOR  TELEVISION  TROUBLESHOOTING 

by  Edward  Bannon 
Reflecting  the  rapid  advances  of  electronic 
technology,  this  book  presents  the  current 
status  of  color  TV  servicing.  It  is  intended  as 
a  teaching  tool  for  instructors,  technicians, 
and  technical-school  or  trade-school  stu¬ 
dents.  A  fundamental  knowledge  of  radio  and 
TV  theory  is  assumed.  Troubleshooting  is 
discussed  as  it  relates  to  color  reproduction 
problems  in  the  biack-and-white  sections; 
bandpass  amplifier;  color-sync  procedures; 
chroma  demodulators;  chroma  and  color  ma¬ 
trices;  systematic  color  circuits;  color  picture 
tube  circuitry;  modular  procedures;  and  digi¬ 
tal  color  TV  circuitry. 

Published  by  Reston  Publishing  Co.,  P.O. 
Box  547,  Resfon,  VA  22090.  264  pages. 
$14,95  hardcover 


DIGITAL/LOGIC  ELECTRONICS  HAN0B00K 

by  William  L.  Hunter 
This  handbook  starts  out  with  chapters  on 
numbering  systems  (binary,  octal,  hex),  basic 
arithmetic  operations,  and  the  laws  of  logic 
(Boolean  algebra,  Venn  diagrams,  truth  ta¬ 
bles)  asppiied  to  digital  circuits.  The  logic 
chapter  also  gets  into  De Morgan's  Theorem 
for  simplifyingBoolean  equations.  The  next 
two  chapters  explore  logic  circuits  such  as 
flip-flops,  counters,  adders,  converters  and 
multiplexers,  and  basic  digital  circuits  includ¬ 
ing  multivibrators,  gates,  and  the  Schmitt  trig¬ 
ger,  Logic  symbols  are  examined  thoroughly, 
as  is  the  54/74  family  of  TTL  ICs.  The  last 
chapter,  on  logic  applications,  looks  at  a  digi¬ 
tal-readout  timer  by  Sprague,  and  four  digital 
Heath  Kits  (multimeter,  dock,  calculator, 
thermometer). 

Published  by  Tab  Books ,  Blue  Ridge  Summit, 
PA  17214 .  306  pages.  $6.95  soft  cover , 
$9*95  hard  cover. 


A  DICTIONARY  OF  MICROCOMPUTING 

by  Philip  E.  Burton 

tf  you  are  just  getting  into  microcomputing  or 
are  just  thinking  about  it,  this  is  one  book  you 
might  want  to  get  at  the  start*  It  translates  and 
defines  the  meanings  of  such  things  as  ACIA, 
DMA,  DOS,  assembler,  emulator,  handshak¬ 
ing,  iteration  time,  and  a  host  of  other  terms 
and  phrases  used  in  computing*  For  exam¬ 
ple.  it  will  make  clear  the  difference  between 
software,  firmware,  and  hardware;  JUMP  and 
LOOP  instructions;  bit  and  byte;  etc.  Dia¬ 
grams,  drawings,  and  tables  are  provided  to 
illustrate  the  text*  The  Appendix  contains  the 
complete  listing  of  the  full  ASCII  code;  tables 


of  binary  and  hexadecimal  numbers;  and 
hexadecimal  addition  and  multiplication  ta¬ 
bles. 

Published  by  Garland  Publishing,  Inc.,  545 
Madison  Ave New  York,  NY  10022.  Hard 
cover  171  pages.  $12*50. 


SEMICONDUCTOR  REFERENCE  HANDBOOK 

Data  on  Radio  Shack's  line  of  Archer  brand 
semiconductors  is  compiled  in  this  new  refer¬ 
ence  handbook  that  contains  cross-reference 
data  on  more  than  36,000  semiconductor  de¬ 
vices.  The  handbook  also  has  sections  on  the 
care  and  handling  of  transistors,  soldering 
precautions,  case  styles  and  dimensions, 
testing  of  transistors,  and  a  glossary  of  terms, 
symbols,  and  abbreviations  used  in  electron¬ 
ics,  The  handbook  is  available  from  Radio 
Shack  stores. 

Published  by  Radio  Shack,  Forth  Worth,  TX 
76102.  Soft  cover,  128  pages.  $1.95. 


HOW  TO  DESIGN  &  USE  MULTIVIBRATORS 

by  Courtney  Hail 

Various  types  of  multivibrators  are  examined 
in  this  book  at  the  introductory  level,  Astabfe, 
bistable,  and  monostabte  multivibrators  as 
well  as  Schmitt  trigger  and  half-shot  circuits 
are  discussed.  Other  chapters  explain  the  de¬ 
sign  and  applications  of  multivibrator  circuits. 
The  book  also  presents  techniques  for  tailor¬ 
ing  circuits  to  meet  specific  demands.  A  few 
of  the  projects  covered  are  pulse  generators, 
electronic  counters,  lamp  flashers,  tachome¬ 
ters,  phase  meters,  voice-operated  relays, 
and  lime-delay  circuits* 

Published  by  Howard  W,  Sams  &  Co.,  4300 
W.  62nd  Street ,  Indianapolis,  IN  46206.  96 
pages.  $3.95  soft  cover . 


RECORDING  AND  LISTENING  GUIDES 

Master  H/-Fr  fnsfaWah'on  (151  pages),  by  Gor¬ 
don  J.  King,  describes  in  a  straightforward 
manner  the  functions  of  the  main  compo¬ 
nents  of  a  hi-fi  system.  It  details  the  differ¬ 
ences  between  mono,  stereo,  and  quadra¬ 
phonic  sound  and  the  effects  of  room  acous¬ 
tics*  The  guide  is  designed  to  help  the  reader 
select  the  right  components  for  his  audio  sys¬ 
tem.  Master  Sfereo  Cassette  Recording  (112 
pages)*  by  I.R.  Sinclair,  covers  just  about  ev¬ 
erything  you  need  to  know  to  record  and  re¬ 
play,  and  to  maintain  and  improve  your  re¬ 
cording  equipment  for  professional  results. 
Coverage  also  indudes  noise-reduction 
equipment  and  special  techniques  and  equip¬ 
ment  for  considerably  boosting  the  quality  of 
recordings.  Master  Etectrorwcs  In  Music  (120 
pages),  by  T.D.  Towers,  is  a  guide  to  the  pro¬ 
per  use  and  maintenance  of  such  popular 
electronic  instalments  as  electric  guitars, 
electronic  organs,  amplifying  systems  for  mu¬ 
sical  instruments,  and  other  electronic  musi¬ 
cal  equipment. 

D/stnbufed  by  Hayden  Book  Co.,  Inc.,  50  Es¬ 
sex  Sf*.  Rocheite  Park,  NJ  07662.  Soft  cover. 
$5.45  per  volume. 
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FOR  SALE 


FREE!  Bargain  Catalog— LC.'s.  LED's,  readouts,  Tiber 
optics,  calculators  pans  &  kits,  semiconductors,  pans. 

Poly  Paka.  Box  942PE,  Lynn  field,  Maw.  01940. _ _ 

GOVERNMENT  and  industrial  surplus  receivers, 
transmilters,  snooperscopes,  electronic  parts.  Picture 

Catalog  25  cents.  Meshnn,  NahanL  Mass.  01906. _ 

LOWEST  Prices  Electronic  Parts,  Confidential  Catalog 
Free.  KNAPP.  3174  8th  Ave.  S.W.,  Largo.  Fla.  33540 
ELECTRONIC  PARTS,  semiconductors,  kits  FREE  FLYER 
Large  catalog  $1.00  deposit.  BIGELOW  ELECTRONICS, 

Bluffton,  Ohio  45317  _ 

RADIO — TV.  Tubes — 36  cents  each.  Send  for  free  catalog 

Cornell,  4213  University,  San  Diego,  Calif,  92105. _ 

AMATEUR  SCIENTISTS,  Electronics  Experimenters, 
Science  Fair  Siudems.  . Construction  plans — Complete, 
including  drawings,  schematics,  parts  H$t  wilh  prices  and 
sources.  ,  Robot  Man  —  Psychedelic  shows  —  Lasers  — 
Emotion /Lie  Detector  — Touch  Tone  Dial  —  Quadraphonic 
Adapter  —  Transistorized  Ignition  —  Burglar  Alarm  — 
Sound  Meter... over  60  items.  Send  50  cents  com  (no 
stamps)  for  complete  catalog.  Technical  Writers  Group, 
Box  5004,  University  Station,  Raleigh,  N.C.  27607. 
METERS — Surplus,  new.  used,  panel  or  portable.  Send  for 

list.  Hancheft.  Box  5577,  Riverside,  CA  92507, _ _ 

MECHANICAL,  ELECTRONIC  devices  catalog  10  cents, 
Greatest  Values  —  Lowest  Prices,  Peril k‘s,  5249  *'D°f 
Philadelphia,  Pa,  19120. 


POLICE/Fire  scanners,  targe  stock  scanner  crys- 
tals,  antennas.  Also  CBs,  Harvey  Park  Radio, 
Box  19224,  Denver,  CO  80219,  _ 

TELETYPE  EQUIPMENT  lor  sale  for  beginners  and  exper* 
lenced  computer  enthusiast.  Teletype  machines,  parts, 
supplies.  Catalogue  Si  00  to:  ATLANTIC  SALES.  3730 
Nautilus  Ave„  Brooklyn,  NY  11224  Tot  (2t2)  372-0349, 
ELECTRONIC  ignition  Capacitor •Discharge,  pointless. 
Auburn  Sparkplugs.  Wheel  Stabilizers.  Information  20 

cenls.  Anderson  Engineering.  Epsom,  N,H.  03234. _ 

WHOLESALE  C.B,,  Scanners,  Antennas,  Catalog  25  cents. 
Crystals  Special  cut,  S4.95,  Montior  53.95.  Send  make, 
model,  frequency,  G  Enterprises,  Box  461 P  Clearfield,  UT 
64015 


COMPUTER  HOBBYISTS— classified  advertising 
newsletter.  13.75/year.  Free  Sample.  ON-LINE, 
24695  Santa  Cruz  Hwy„  Los  Gatos.  CA  95030. 


ORGAN  KITS 
KEYBOARDS 

THE  ULTIMATE  IN  DESIGN 
AND  SOUND 

Demo  Record  A  Brochure  $1 .00 

Wurfttw  r*pr eduction* 

jjCi  DEVTRON1X  ORGAN  PRODUCTS,  Dopt.  C 
W  5672  Amapola  Or.  •  San  Jose.  CA  95129 


SOUND  SYNTHESIZER  KITS-^Surl  S12.95.  Wind  $12,95. 
Wind  Chimes  $17.95,  Electronic  Songbird  $6.95.  Musical 
Accessories,  many  more.  Catalog  free.  PAIA  Electronics, 

Box  J 14359,  Oklahoma  City.  OK  73114. _ 

BUGGED'1?'?  New  locator  finds  them  fast.  Wrlle,  Clillon, 

11 500- L  N,W.  7th  Avenue.  Miami,  Florida  33166. _ 

YOU  WILL  SAVE  BIG  MONEY!  Surplus.  Clearouts. 
Bankruptcy.  Inventory,  Deals.  Catalog  $1  (redeemable}. 
ETCOA  Electronic*.  Box  741.  Montreal.  H3C  2V£  US. 

Inquiries, _ _ 

HEAR  POLICE/FIRE  Dispatchers!  Catalog  shows 
exclusive  dlreclorles  of  "confidential"  channels,  scanners. 
Send  postage  stamp.  Communications,  Box  S6-PE, 

GorrVrnack,  N  Y  11725. _ 

ONSCRAMBLERS.  Fits  any  scanner  or  monitor,  easily  ad¬ 
justs  to  all  scrambled  frequencies  Only  4"  square  $29.95, 
lully  guaranteed.  Dealer  inquiries  welcomed.  PDO 
Electronics,  Box  S41,  North  Utile  Rock,  Arkansas  72115 
RECONDITIONED  Test  Equipment.  $0.50  lor  cfllatog 
Walters  Test  Equipment.  2697  Nickel,  San  Pablo,  CA 
94St>6  _ 

CB  RADIOS,  monitors,  crystals.  CD  ignitions.  Southland, 

Box  3591-S,  Baytown.  Texas  77520. _ 

SURPRISES  GALORE!  Projects,  ham  radio,  music  synthe¬ 
sizers,  etc.  IC’s.  pots,  hardware,  crystals,  keyboards,  re¬ 
sistors.  etc.  Send  13  cents  stamp  for  catalogue.  UTEP.  Box 
26231 B,  Salt  Lake  Cily,  Utah  64125. 

NAME  BRAND  Digital /An  a  log  Teal  Equipment.  Discount 
prices,  Free  catalog.  Salen  Electronics,  Box  82,  Skokie,  Il¬ 
linois  00070. 
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Let  us  know  8  wenks  in  advance  so  that  you 
won’t  miss  a  single  Issue  of  POPULAR 
ELECTRONICS. 

Attach  old  label  where  indicated  and  print 
new  address  in  space  provided.  Also  include 
your  mailing  label  whenever  you  write  con¬ 
cerning  your  subscription.  It  helps  us  serve 
you  promptly. 

Write  to;  P.G.  Bo*  2774,  Boulder,  CO  00322 
giving  the  following  information: 

□  Change  address  only  □  Extend  my  subscription 

ENTER  NEW  SUBSCRIPTION 

□  1  year  $12.00  □  Payment  enclosed 

Allow  30-40  41,1  lor  U  e*tra  BONUS  Issue) 

.  Wl«»'  □  Bill  me  later 
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Additional  postija  oo  tornjn  add  $3  a  year  for  Canada.  $5 
a  year  for  all  other  courtnes  ouUide  die  U  S  lad  11}  peuession*. 
CesJi  only  on  lareifn  order},  payable  in  U  S  corrercy 
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»  INTERNATIONAL  ELECTRONICS  UNLIMITED 
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-ra£v  CARMEL  VALLEY,  CA  93924  USA 
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BUILD  YOUR  OWN  SPEAKERS 
AND  SAVE  UP  TO  50% 

$«na  to  w  »#•  tad  cocked  u  cog*  catalog 
monudi  and  i*qm  how  to  attemsm  raui  o iwn  mu* 
element  aetec  lopg****  bam  vcwfch  o*  ^ctm  tat* 

Out  catalog  mctaOei  chopm  an  devQn  cemAuc 
lion  *  oven  end-ovueoi  rmaioryge*  wtvoUn 
and  hami  Wide  w\  taoerr 

SPEAKERUB 

Dept  PE  A.  5500  35lh  N  £ 

Seattle  Washington  98105 

SURPLUS  ‘SMART’  TERMINALS,  components, 
serious  music  synthesizer  kits,  plans,  parts,  and 
more.  Send  SASE  for  FREE  INFO  Package.  CFR 
Associates,  P0BFf  Newton,  N.H.  03858. 

NON  SEMI  SURPLUS.  Monthly  picture  flyer.  Quality.  Low 
prices.  Send  25  cents.  U.S,  only.  SUrtrdnlca,  Box  683, 

McMjnnvUje,  Oft  B7128. _ 

BUILD  AND  SAVE.  TELEPHONES.  TELEVISION.  DETEC¬ 
TIVE,  BROADCAST  Electronics,  We  eel  I  construction 
plans  with  an  Engineering  Service.  Speakerphones,  An¬ 
swering  Machines, earphones,  Phonevisipn,  Dialers,  Color 
TV  Comreners,  VTR.  Games,  S25  TV  Camara,  Electron 
Microscope,  Special  Effects  Generator,  Time  Base  Correc¬ 
tor,  Chroma  Key.  Engineering  Courses  In  Telephone.  Inte¬ 
grated  Circuits.  Detective  Electronics.  PLUS  MUCH 
MOPE.  NEW  Super  Hobby  Catalog  PLUS  year’s  subscrip¬ 
tion  to  Electronic  News  Letter.  $1.00,  Don  Britton  Enter- 
prises,  8200  Wilahire  Blvd„  Los  Angeles.  Calif.  90048, 
NAME  BRAND  Digital /Analog  Teal  Equipment.  Discount 
prices,  Tree  catalog.  Salon  Electronics,  Box  82,  Skokie,  ll» 

Unolt  80076, _ 

SURPLUS  COMPONENTS.  Communication  and  test  equip¬ 
ment.  Illustrated  catalog  25  cents.  E,  French,  P,0,  Box  249, 
Aurora.  lUnoJe  80505. 


DO-IT-YOURSELFERS! 

Let  Keeler  solder  aid  you  in  your  home  repairs 
or  hobbles,  A  radio,  TV,  modal  train,  jewelry, 
plumbing,  etc.  Save  money  —  repair  it  yourself. 
Send  sel(*addrassed  stamped  envelope  to  Keeler 
for  a  FREE  Copy  of  “Soldering  Simplified". 

HESTER  SOLDER  / 

TELEPHONES  UNLIMITED,  Equipment  Supplies, 
All  types,  Regular,  Keyed.  Modular.  Catalog  SO 
cents.  Box  1147E,  San  Diego.  California  92112. 

FREE  CATALOG.  Solar  Calls,  Meads,  Kits,  Calculators, 
Digital  Watch  Modules,  Ultrasonics,  Strobes,  LEDS,  Trans¬ 
istors,  IC's,  Unique  Components.  Chaney's,  Box  27038, 

Denver.  Colorado  80227, _ 

POWERFUL.  ADJUSTABLE.  REGULATED.  THREE  OUT. 
PUT  POWER  SUPPLY  and  900  easily  removable  parts  in 
complete  CARTRIVtSION  television  recorder  electronic 
assembly  with  documentation.  Perfect  for 
MICROPROCESSOR,  1C.  transistor,  television,  C3  radio 
applications.  $21.45.  Free  brochure.  MADISON  ELEC* 
TRONICS,  INCORPORATED,  369.  D55.  Madison.  Alabama 

35758.  SATISFACTION  GUARANTEED, _ _ 

CB  RADIOS — Police  Scanners.  Wholesale  ontvl!  Send  let¬ 
terhead  for  lowest  prices  anywhere.  Four  Wheeler,  10PE, 
New  Scotland,  Albany,  N.Y.  12208. 

LEDS,  red  with  mounting  clip  20  cents  each,  10  lor  Si.BO 
prime  parts,  75  cents  postage  and  handling.  CA  res.  odd 
6%  tax.  Hooker  Electronics,  P.O.  Box  386.  Hanford,  CA 
93230. 


PROMS  PROGRAMMED 

No  bits  256  1024  2048  4096 

TTU  T~S  7  up  $  8  up  S  11  up  |  $  19  up 

Schottky  10  up  11  up  19  up  25  up 

MOS _  —  —  33  UP  I  45  up 

Price  depends  on  mfr,  type  Send  St  00  packet  fee  now.  bits 
desired.  Receive  specs  on  all  our  PROMS,  program  sheets, 
PROM  postage  credit  Pencil  in  program  sheets,  remit  balance 
of  price.  We  will  send  new  guaranteed  programmed  PROM. 
Send  packet  tea  (check  or  money  order  only)  to: 

RBH  Enterprises.  Box  12344.  Wichita.  KS  67277 

RADAR  DETECTOR  KIT.  Build  a  long  range  radar  detector 
with  over  one  mile  range.  Kit  comes  with  complete  docu* 
mentation  and  drilled,  etched  and  plated  PC  board.  Only 
$4.95.  Thousands  said  nationally.  Satisfaction  guaranteed. 
Same  day  shipment.  J.B,  Saunders  Company.  3050 

Valmonl,  Boulder.  Colorado  80301. _ _ 

SEEKING  JAPANESE  TRANSISTORS  for  CB  Repair?  Re. 
quest  list.  Fu|i-Svee  Enterprise.  Dept,  p,  Box  40325.  CiricU 
natti,  OH  45240. _ 

PROFESSIONAL  UN  SC  RAMBLERS  -  several  models  I  hal 
111  any  scanner.  Free  Information.  Capri  Electronics,  87S3T 
Wfndom,  Si.  Louis,  MO  631 14. 

BREATHE  Better  Air  With  Negative  Ion  Generator  $275.00. 
(KJI  $165.00.)  Golden  Enterprises.  Box  1282PE.  Glendale 
Arizona  65311. 

POPULAR  ELECTRONICS 


UNSCRAMBLE  COOED  MESSAGES  from  Police,  fire  and 
Medical  Channel*.  Seme  day  service,  Satliltclion  guar  an* 
teed-  Don  Nobles  Electronics,  Inc.,  Rt.  7 ,  Box  2656,  Hoi 

Springs,  Arkansas  71901.  (SOU  623*6027, _ 

UNSCRAMBLEBS^ESCRASLEBS:  If  you  have  tried  the 
"chwpio"  Squawk  -Bo  k  unsc  ramblers  and  hove  had 
nothing  but  squeals  and  frustration,  then  breathe  new  life 
Into  your  scanner  with  our  CODE-BREAKER.  Tunes  all 
scramble  frequencies  and  operates  with  all  scanners  end 
monitors.  Factory  built  and  guaranteed.  $34.95,  dialog  of 
many  other  descramblers  and  unusual  electronic  Hems,  25 
cents.  COD  orders  Tefr  (501}  273-5340,  KRYSTAL  KITS. 

Box  445,  BentonviUe,  Ark.  72712. _ 

TELEPHONE  technology.  Recent  Schematics,  ads, 
manuals.  5.000  pages:  19.95  Guaranteed,  Automated,  Box 

102T,  Issaquah,  WA  96027. _ _ 

ANYTHING  ELECTRONIC  —  We'Ve  got  It.  Catalog  51.00. 

Rqjoo,  Box  1224,  Cupertino,  did.  _ 

SLEEP  UNDISTURBED!  Mask  unwanted  sound  with 
tobifilng  "pink  noise".  $57.50.  Golden  Enterprises,  Box 

1362-PE.  Glendale,  ArUona  85311. _ 

PENNY  FORMULAS.  Private  collection.  1,000  easily  pre¬ 
pared  product  formulas  only  S10.  Distributor,  R7BM. 
Mitton.  Florida  32570. 


C2708,  8K  EPROM:  J35.00;  C1702A:  *7.50.  PRO¬ 
GRAMMING:  C2708  —  J20.00;  C1702A  — 
J5.00.  HEX  OR  OCTAL  LISTING.  ELECTRONIC 
DISCOUNT  SALES,  138  N.  81st  Street  Mesa. 
Arizona  85207 _ 

DEAD  BATTERY?  Lights  left  on.  Easily  installed  alarm 
alerts  driver  with  pulsing  tone,  St 2. 95  postpaid.  CFL 
Enterprises,  P.O.  Box  415,  Export,  PA  15632. _ 

MICROCOMPUTER  HARDCOPY,  Attachment  converts  any 
electric  typewriter.  Free  Brochure.  Stout  Microcomputer, 
Box  1573,  Fremont,  CA  94538. 

FREE  CATALOG  of  Goodies  —  Clack  kits,  power  supplies, 
QVM  kits,  LEO'S,  semis,  ell  at  lowest  prices.  DIAMOND- 
BACK,  Box  1&4P,  Spring  Valley,  IL  61362. _ 

TANK  —  TV  GAME,  Complete  construction 
PLANS  —  510,00;  P.C,  BOARD  —  555,00;  KITS 
—  5195.00;  FREE  information.  ADVANCED 
ELECTRONICS,  P.0.  Box  133,  Corvallis,  OR 
97330. 


PRINTED  CIRCUITS.  Pint  photo  resist  with  aerosol  $15n25 
Ouart  developer  15  50.  Four  picks  dry  etchant  $5.56.  Pint 
tin  plating  solution  $6.50.  6x10  auto  lock  exposure  frame 
$11.50.  Ultraviolet  lamp  $18.  Shipping  prepaid.  CIRCOLEX, 

Box  188,  Morey,  N.Y,  13403.  _ 

GAMES  lor  HP-65:  Lunar  Lander,  Racetrack,  Blackjack, 
Tank,  Submariner,  Nim;  $6.  McCabe  Engineering,  8107 

Wlnstord  Ave..  LA,  CA  90045. _ 

CUT  6  STEPPED  30  AWG  Wire  $9  10  per  1000  Price  list 
free.  Electro  Products,  GiiO  3,  Pilgrim  St.,  Seattle,  Wash¬ 
ington  86116, _ 

ELECTROLYTIC  CAPACITORS  top  quality,  reasonable 
price,  prompt  delivery  and  free  brochure.  Ecom  Parti  Div.. 

3417  W  m  SI.,  LA,  CA  9QQQS, _ 

WIRE  —  Stranded  and  solid  conductor  —  Wire  —  Wrap  — 
Ribbon  cable  and  connectors  —  MORE.  Send  13  cents 
stamp  lor  complete  list.  Rem  Electronics,  Box  338-P. 
Brook  haven,  N.Y.  11719. 

CARBON  FILM  RESISTORS  1/4W,  1/2W  -  1.7  cents  each, 
FREE  sample  /  specifications.  Other  components.  COM- 
PON  ENTS  CENTER.  Box  134F,  New  York,  N.Y.  10038. 
FREQUENCY  ALLOCATION  CHJ^RT  2Khz-200Ghj.  Send 
12.00.  Collins  Chart  Co.,  Bon  1067,  Coronado,  CA  92115. 
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1977  1C  UPDATE  MASTER  MANUAL 

Brand  me,  Complete  islefritad  circuit 
dill  ulactar  from  ill  manufacturers.  1284 
pi|i  nailer  ref.  fuitfe  to  Ibe  latest  IC’s  in* 
cludtaf  nicroprotesurs  and  consumer  cir¬ 
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New  Pell  1977  Catalogue  f> 
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TEXAS  IRSTRUMEKTS  DATA  BOOKS 

LCB1011  Understanding  Solid  Slale  Electronics  2,95 

LCB1891  Safi  ware  Design  for  Microprocessors  12.95 

LCC4041  Power  Dal  a  Book  3.95 

LCC41 12  TTL  Data  Book  4.96 

LCC4131  Transistor  and  Diode  Data  Book  4.95 

LCC4151  Linear  and  Interface  i  C  Data  Book  3.95 

LCC4200  Semiconductor  Memories  Data  Book  2  95 

LCC4230  Optoelectronics  Data  Book  2.95 

LCC4241  Linear  Control  Circuits  Data  Book  2.95 
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I  MOS  AND  B l- POLAR  MEMORIES 

PJH  Oescripllon  I 

Cl  702 A  (1  Microsecond  J  256  x  8  EPROM 

Cl  702A  (13  Microsecond)  256  x  0  EPROM 

C27G8  IK  x  8  EPRO^I  (450  NS) 

808CA  8  Bit  MOS  CPU  (2  microseconds) 

2102-IP  IK  Sialic  Ram  1024  x  1  (450  NS) 

334 2 PC  Quad  64  Su  Static  Shift  Register 

3347PC  Quad  80  0d  Static  Shift  Regisler 

3341APC  4  x  64  MOS  FIFO  1  MHz  S^lft  Register 

TMS0117NC  Decimal  Arithmetic  Processor 
LCM1001  Microprocessor  Learning  Module 
TMS4C24NC  64  x  9  FIFO 

TMS4050NL  4K  Dynamic  RAM  Plastic  30QNS  (18  Pm) 

TMS4060NL  4K  Dymeffnic  RAM  Plastic  300 NS  (22  Pin) 

AY5-1013P  B  Bit  UART 

SEMI  4304 A  4K  STATIC  RAM  1024  x  4  (450  NS)  single  5V  supply 
93415PC  IK  RAM  40  NS  Open  Collector 
93425PC  1 K  R  AM  40  NS  Tn  -Slate 

AM 2901  DC  4  B«;  -Polar  Microprocessor  aiice 
AM2902PC  Carry  Look  Ahead  Circuil 
AM2905PC  Quad  2  Input  Bus  Transceiver 
AM2907PC  Quad  Bus  Transceiver  with  Tn-State  Receiver  and 
Pertly 

AM 2909 PC  4  Bii  CascadaWe  Microprogram  Sequencer 
AM2918PC  Quad  Deregister  with  Standard  and  Tri -State  Outputs 
F8  Kit  8  Bit  Microprocessor  Evaluation  Kit  with  Software 

FAIRCHILD  DATA  BOOKS 

Power  Data  Book 
Bi-Polar  Memory  Data  Book 
Linear  Integrated  Circuit  Data  Book 
Low  Power  Schottky  and  Macro  logic  TTL 
Interlace  Data  Book 

.  ft*  ft  Ik  mi  Linear  laleiralecf  Circuit  Dili  Book, 

Solid  Side  Srititfrfic  CMOS  'V  S*mt  Data  Bock 
Uhtliod«  Scfniumdirctw  Dal*  Booh 


"ONLY  MAJOR  MANUFACTURERS  SUPPUEO" 

"This  i*  a  jwliil  Infinf-  £hw  com<iitl«  ulakiue  lists  ifrvic*  Distribution  —  \,  QUW.ITY 

types  $  wnrs  which  are  Ouifluaiity  caflacHKiuipauctj'  Z.  IKYtfiTOIri 

'"Hoe  can  you  beat  Wit  corebmition  — Uw  liMit  nuality  current  pfoduc  J.  PR1C£ 

Ho*  latest  dale  cod*  4«ic«  Iron  tba  rMjcr  Misuficliwers  is  Tuas  In  W*  atm  oMir  Ike  taint  mu  »noa|  ter  major  manolactuiws  detic« 

sfrsmtAti  k  Fairchild  Semnonducter  —  At  the  Iwwst  >ncei—  Surely  Mifr,  aiWi  Bn  larletl  «n*ty  of  dmc«  ivaiUble  fro*a  slack.  Ira an  a* 

an  unbeatable  comtatrubM.  Gel  Ikt  mil  «i(m  ter  youi  DoUu"  source. 

/tel m  Elertrwit  provides  the  three  tsseeifaali  in  S*wcooduriw  W*  offer  Hottl  ftcyce  quilrfy  it  Voiksariiw  pnrint,  _ 


Active  Bedronk  Soles  um* 

P.O.  BOX  1035  FRAMINGHAM,  MASSACHUSETTS  01701  ® 


P,0.  BOX  1035  FRAMINGHAM,  MASSACHUSETTS  01701  W 
Talaphona  Orders  A  Enqulriae  (617)  879*0077 
NOW  IN  CANADA  *64?  Feerter  at.  4*  Feok'en  Dr-ifnH  25  MINIMUM  ORDER  $10.00  *  ADD  $1  Ofl  TO  COVER 
2  Locatkma  5j POSTAGE  &  HANDLING  *  Ctiud.an  cmiomcn  m  m 

*  ws,uw,>  Tel,  <514)  736-6429  Tel,  (416)  677-4217  j-h.  _ _  ,.4 . . . 


for  duty  and  handling.  All  lertaai  and  ponnaal  laus  citra 
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INSTRUCTION 


LEARN  ELECTRONIC  ORGAN  SERVICING  at  home  all 
makes  Including  transistor.  Experimental  kit— trouble¬ 
shooting.  Accredited  NHSC.  Free  Booklet.  NILES  BRYANT 
SCHOOL,  3631  Stockton,  Dept  A,  Sacramento,  Calif. 
95620. 


SCORE  high  on  F.C.C,  Exams. ,  .Over  300  questions  and 
answers.  Covers  3rd.  2nd,  1st  and  even  Radar,  Third  and 
Second  Tesl,  $14,50;  First  Class  Test.  *15.00.  All  testa, 
*26.50.  R.E.I.,  lnc„  Box  606.  Sarasota,  Ha.  33577. _ 

UNIVERSITY  DEGREES  BY  MAIL!  Bachelors, 
Masters,  Ph.D's.  Free  revealing  details. 
Counseling,  Box  317-PE7,  Tustin,  California 
92680. 


SELF-STUDY  CB  RADIO  REPAIR  COURSE.  THERE'S 
MONEY  TO  BE  MADE  REPAIRING  CB  RADIOS.  This  easy - 
to -learn  course  can  prepare  you  for  a  career  In  electronics 
enabling  you  to  earn  as  much  as  SI  6.00  an  hour  In  your 
spare  time.  For  more  information  wrlle;  CB  RADIO  REPAIR 
COURSE,  Dept.  PE07,  531  N.  Aon  Arbor,  Oklahoma  City. 

Ofcla.  73127.  _ _ 

LEARN  WHILE  ASLEEP!  HYPNOTIZE!  Astonishing  details, 
strange  catalog  I  reel  Autosuggestion,  Box  24-20,  Olympia, 

Washington  98507.  _ _ 

GRANTHAM  S  FCC  UCENSE  STUDY  GUIDE  — 377 pages, 
1465 questions  with  answers Aliscuaaions  —  covering  third, 
second,  first  radiotelephone  examinations.  SI 3.45  post- 
paid,  GSE,  P  O.  Box  25992.  Los  Angelas,  California  90025. 
INTENSIVE  5  week  course  for  Broadcast  Engineers.  FCC 
First  Class  license.  Student  rooms  at  the  school.  Radio 
Engineering  Inc.,  61  N.  Pineapple  Ave,. Sarasota.  FL  33577 
and  2402  Tidewater  Trail,  Fredericksburg,  VA  22401. 
LEARN  BASIC  Digital  Troubleshooting  by  corres¬ 
pondence.  Course  includes  text  and  demonstration  mod¬ 
ules.  Educational  Technologies,  Box  224.  Reynoldsburg. 

Ohio  4306&, _ 

HIGHLY  EFFECTIVE  Degree  Program  In  Oect/onica  En- 
ginaering.  Advance  rapidly!  Our  31st  Year.  Free  literature. 
Cook  s  Institute.  Box  20345,  Jackson,  Miss,  39209, 
BURGLAR/FIRE  ALARM  EXPERTS  NEEDED  lor  cars, 
homes,  industry.  Learn  high  profit  systems  installation  at 
home  spare  lime,  Simple,  quick,  complete.  Free  informa¬ 
tion  by  mall.  No  salesmen.  Security  Systems  Management 
School  (homes! udy),  Dept.  7373-077,  Little  Fails,  N.J. 

07424, _ 

GET  YOUR  COMMERCIAL  FCC  License  New  exams  5y 
author  of  successful  published  workbooks  of  FCC  Practice 
Tests.  500  Questions  Second  Class.  *11.95;  200  First 
Class.  $7.95:  100  Radar.  $4.95:  postpaid.  Save,  ail  thrae 
$19.95.  Complete  mathematical  solutions.  Free  counselling 
service.  Victor  Veley,  P.Q.  Box  14,  La  Verna,  Calif,  917SQ. 

1977  TESTS-ANSWERS  for  FCC  First  Class 
License.  Plus  “Self-Study  Ability  Test."  Proven! 
S9.95,  Moneyback  Guarantee.  “FREE"  BRO¬ 
CHURE.  Command,  Box  26348  P(  San  Francisco 
94126. _ _ 

FCC  License  Preparation,  Commurncaircm  Electronics, 
Electronic  Technology  with  Lab,,  Television  Servicing- 
Free  Catalog.  Genn  Tech.,  5540  Hollywood  Blvd..  L.A.,  CA 
90028. 
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routines  for  the  8080 


(■proved  hitter  and  hotter  -V  uui  pw 

are  im.  j up i rmm t eJ  for  greater  u*«r  facility 
Very  to*  po*er.  quality  board,  socket*  for  all 
ICl,  and  *□  □».  find  out  what  ooved  Ur  Util, 
editor  of  Pftnt-Out,  to  -rite 

"Vltliout  a  dajfct  ■  thlt  board  It  the  tx*t  buy 
t  h*¥«  udr  for  ay  Muir  SKK>  out  of  the  fSOOti* 


T‘Vt  ipent,*1 


Piiwr  OUT.  Svptewfwr  19^ 


CPU  Power  Supply  $  45 

Hive*  S\  4 A  with  erwbar  overvoltage  prntec 
lion.  4  M  -jk"  4r,  adjustable  S- 

IW  blit  auppljr,  Although  iUlpmlcd  fat  veal  I 
cetaputer  lyitets.  this  it  at*o  <»  little 

bench  Supply  for  Miktil  otpcriaa-nL* 


CCc 

OOo 

MMm 

PPr 

UUu 

TTt 
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RRc 

KKk 
I  I  i 
TTt 

SSs 


8K  EconoRAM  II  "  S  165.84 

Ihnder  Sc  ptr  In t  Configured  n  tuo  independent 
At  bJo<L»  for  «a*laua  He*  itu  I  Ity  Full  buffer 
log.  tri  state  output'  drive  the  JMuo  hu*  nr 
any  bidi  reef  IdiuI  hui;  Itm  pcMer  JSchntlLy  sup1 
port ’ll*  plus  selected  RAH*  gtv*  To*.  (nwr  op¬ 
eration.  sipi  along  at  44t  n*  Of  better  (uxr  I 
halt  «lllf  With  2  ai»|,  Lt*»  profile  society  in- 
eluded  for  All  Ks  blatr  through,  Jmiblc-*kd«j 
epoxy  lUnv  board, 

10  Slot  Motherboard  $  85 

10  edge  encore  tors .  um  ii  IH5AI  add-on 
Or  fur  it and  alone  vrvteu.  Active,  regulated 
I  era  mat  inn*  unikttr  ereilltll,  overshoot,  and 
other  bus  proMca*  fcftoijr  glass  hoard,  quality 
pjrt»+  too  compatible,  heavy  power  traces, 

18  Slot  Motherboard  $118 

Saxe  feature*  a*  above,  but  aith  IS  dot*  »  «tdge 
cornier  it  nr* 

Terminator  Board  $29.50 

Add  Hilve  irruioattofi*  t»  your  hu*.  and  clean 
ii(i  the  noisr,  crosstalk.  riming,  and  pvershooi 
(hat  can  foul  up  data  and  crash  program  I* t tag 
into  l  a  lot  of  alt  S-HW  coapawhlr  aot  herixiard , 
and  you  are  ready  to  go 


DEALER  INQUIRIES  INVITED 

. . *  ca>i 

_ _  “  * 


CIRCU  MO  18  ON  FREE  IHfORMATlOR  CABO 


BILLET 

(ii4ii»»ie 


KLECTBMItt 

P.G.  BOX  1W42P 
DALLAS,  TEXAS  76219 


THE  MK-05  MINI  MOBILE  la  a  compact  6  digit  DC  clock  with  a 
quaru  xul  tlmatuu  and  alarm  capability.  The  readout  is  a  mag- 
nil»od  .  T 25'"  LED  calculator  readout.  Kit  comat  complete  with 
*11  components.  PC  board  and  Instructions  12  hour  lommt 
only.  Do  not  be  looJod  by  our  low  price,  thn  H  a  quality  Umfr 
piece  with  voltage  and  ool*  suppression.  X  2Y  X  S12.95 


Own  the  mwr  urnqve  efeciroruc  dock  on  the  market  I  Tha  MG-01 
MINI  GRANDFATHER  has  a  tvwtpinff  pernhfJu/n,  mjtehtrtf 
tick-toe A  fotimt.  god  §  present  iM Hike  c firmr  that  i*  adjustable 
in  pilch,  volume  and  aunalo.  Tbe  chtme  sounds  and  counts  thB 
houn  t«  3  times  lor  3  o'clock).  Kn  comas  compteie  with  2 
plated  and  drilled  PC  boards  (6.&'rx4,5"],  7  CMOS  integrated 
circuit*  and  a  40  pm  clock  1C-  Also  Included  are  twitches,  speaker, 
brrghi  4  digit  ,5"  LED  display  with  colon  and  all  nac 
essary  electronic  components.  S39.SS  Kit  {lass  ratal 

Beautiful  solid  wood  cju  over  fl"  nil  custom  cut  for  the  MG  0! 
with  ruby  front  fiber  and  drilled  rear  panel  Available  m  WALNUT 
or  ASH  (p}+at*  wrc> fyt  SI  B  95  finithod,  shipped  unassamblad 


OUR  CUSTOMERS  WHITE  ABOUT  OUR  CDI  KIT: 
"...(ffljr  Ar>  " 

"...unbebtvtbte  value*,  “...pood1  det*gni M 
**  .  fjntutk:  A  it  and  service.  Send  three  more,  * 

Til*  CDI  kit  li  alt  Ihese  things  and  more  Get  in  on  a  one  time  deal 
Complete  electronic*  S3  £5 

Requires  heatsink  iruoi  included)  oho  works  tor  voltage  source 
tor  high  intensity  strobe _ _ 


MK-03  AIRCRAFT^CLOCK  TIMER  KIT. 

You  don't  have  to  be  a  pitot  to  need  the  MK  03.  It  you  want 
a  mobile  clock  that  often:  sut  ,4r<  LED  readouts,  24  hour  real 
time  readout,  24  elapsed  time  readout,  alarm,  uumre,  display 
biankmg  Timer  end  clock  «hv*  him  wi  of  readouts  but  are 
totally  independent  ol  each  other.  Timer  has  reset  and  freeze 
teatu’*  Many  other  opUam  are  available.  Sold  less  case  and 
twitched  because  of  the  various  mountings  and  options  available 
$2G.95/completv  electronics  and  boards  less  switches  and  case. 


ULTHASONIC  SENDER  RECEIVER  KIT 
A  special  buy  on  ■  high  quality  ultrasonic  transducer  allows  us  to 
Offer  fhrt  kit  at  a  super  price  -  but  hurry,  quantities  are  limited! 
You  can  build  intrusion  alarms,  motion  delation,  remote 
controls,  echo  ranging  or  liquid  level  measurement  equipment. 
We  supply  The  bape  transmitter  and  receiver  etactronrci  indud 
big  a  drilled  and  plated  PC  board.  The  unin  work  at  23KHZ 
with  a  fonge  of  20  It.  and  can  be  positioned  opposite  each  other 
or  ode  by  side  and  bounced  oh  a  solkl  surface.  The  output  will 
unk  up  to  30tknp  to  drive  a  rHiy.  alarm  circuit,  etc 
ORDER  UW)1  S19.95 

AUTOMATIC  TIME-OUT  CIRCUIT  for  ultrasonic  or  mectwikat 
1  witch  alarms.  Provides  a  live  second  entry  delay.  Sounds  alarm 
for  one  muiiiu.  then  re  arms  iueD.  Requires  8-1 5V DC 
_  *356 


TERMS;  NO  COD'*  *  Sand  check  or  M  O.  *  Add  B\  posup 
Tx.  RntdenU  add  5%  wto*  to*  *  Foreign  add  10\  120%  wrmalll 
Orders  under  £10,  odd  60c  handling  *  Repair  servica  available 
Accepting  phone  orders  on  Matter  Charge  and  Bankamtncanj. 


CIRCLE  NO  S  ON  fflEE  IHPORMAlHX  CARD 
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LED  DUAL  DIGITS 

Mfcra  fit*  pair  Of  i  oioni 
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ABOUT  0UH  CLOCKS 
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70V1P  N 

P(*  wk-’tt 

M 

i  70  e  g  H 

7*  W  fJ 

9a 

9i&'ia  H 

Tff  Pii  ' 

l  >2 

10  00  TO  H 

40  P  t  W  rt 

93 

SLID!  SWITCHES 

1  STS1 

13  1  SO  10  lOOO.rt  1 

|  5PBT 

Ifl  170rt  1 3  0O;C  i 

\  ONt* 

73  ?W>rt  19.00'C  | 

I  SmWOEO  HOOF  UP  PURE  1 

71  93  PVC 

7  yi -5  bp  twot'  1 

J 

JftO.UC-  MJ5  50O'  ■ 

78  je  fVC 

2  10100  »  50.W5  ■ 

1  r*  ^  pvt 

7  10,105  tttiao  | 

S4)  VOLT  DISCS 

T0O  pf 

MIC  130.C 

JJO  ^ 

M  rt  I  U.t 

870*1 

86;rt  3.50-C 

nti1.  «r 

«  rt  3J6rt 

KSS  *t 

«r10  IXC 

0083 

IC.'lfl  I»i 

Cl  at 

1.4;  1 Q  1  ftJ.C 

vn  o» 

54'Tfl  I.OOfC 

M?  at 

1C '10  S.ftO'C 

i  at 

1  >v-co  t  j  sort 

JULY  1977 


CIRCLE  HO  11  ON  ffltE  WFORMMKJS  CARD 


101 


HIGH  FIDELITY 


BURGLAR  ALARMS 


GOVERNMENT  SURPLUS 


DIAMOND  NEEDLES  and  Stereo  Cartridges  at  Discount 
prices  lor  Shura,  Pickering,  Stanton.  Empire.  Gredo  and 
ADC.  Send  tor  free  catalog.  LYLE  CARTRIDGES.  Oepl.  P. 
Box  60,  Kensington  Station,  Brooklyn,  New  York  11218. 
MUSIC  GENERATOR— Real-time  automatic  composition 
and  production  of  music.  See  Radio -Electronics.  June, 
1977  or  write:  Inner  Space  Bocuemics,  Box  308,  Berkeley. 
CA  84701. _ 

TUBES 


RADIO  &  T,V.  Tubes— 36  cent*  each.  Send  tor  tree 
Cite  tog.  Cornell,  4213  University,  Sen  Diego,  Calif.  92105. 
TUBES  receiving,  factory  boxed,  tow  prices,  free  price  fist. 
Transletoronic,  lnc„  136S  39th  Street,  Brooklyn,  N.Y. 

11218A,  Telepnone:  212-633-2800. _ 

TUBES:  "Oldies”,  Latest.  Supplies,  components,  sche¬ 
matics  Catalog  Free  (stomp  appreciated) ,  Steinmeu,  7519- 
PE  Maplewood.  Hammond.  Ind.  48324. 


!  E8  Min.  Cassette,  Pfec.  of  3.  TA-S79 . . 
\  JV.KOLE.D.,Pk|.if5,Pl-233  ... 

1  46  Mn.  1-Track  Tape,  TA-307 . 

I  Elect.  Cap.  Kit.  50  Asst..  CD-40?  .. 
f  Bbch  tieM  Bulb,  XM-291 . 


|  Resistors  Vj-1  watt,  Pk{.  11X1,  Rfi-077  . 
I  Mure Controls,  12 Assti. VC-274  ... 
I  Enpn  999  Mae  PImmu  Cart.  PC1SS  . 
|  3-EV  OC  Hobby  Motors,  5  Assti  MO-333 
I  Solder  Tenoinal  Strips,  40XssU.  XM-5S1 
!  Double  Face  Foam  Tape  V,’x5r.  1*  903 
J  K srarunv Motor. m VIC. MO-277. 


j  Cenmic  Disc  Cap.,  IDO  Asstd.  CC-210  .  1.29  80 

|  Rook  Kit.  25  Pcs.  Assti,  HI  030  ....  1.K  ,S9 

|  S-Track  Tape  Dedr  Chassis.  IU  383  .  17.00  12.99 

I  7  Set.  L  E  D.  Display  Con.  K..  XJH-414  .  2.D0  100 

j  CalcidatarKers,2IAsstd  XM-53D  ...  .75  .39 

'  DV.-5I.  Transformer  1F-M7 . 1.D9  .49 

1  2SW74TOKOutpulTraiB.,TllM7  ..3.79  1.19 

idse? 


OIL 

Reg. 

Sale  \ 

1-49 

IT  1 

1.S 

-59  \ 

.  .69 

.39  [ 

,  5.00 

1.7D  ! 

1.80 

49  J 

14.99 

9  99  / 

U1 

.79  ( 

1.00 

43  1 

.9.99 

6.99  J 

2.00 

59  J 

1.38 

5D  I 

I0Q 

m  i 

..  .49 

30  | 

.  ,79 

39  ! 

,  1,29 

.80  J 

,  1.80 

.59  1 

17.00 

12.99  | 

260  S.  FORGE  ST.  I 
I  DEPT.  IZ  AKRON,  OHIO  44327  / 

I  NAME _ •  | 

i  ADDRESS  _  I 

I  CITY _ STATE _  J 

I,  ZIP - - - □SendOhsenCaL  * 

VENCLOSE  postage  and  sales  tax  / 

inn  ClflCU  »  3d  ON  fflH  INFORMATION  CARD 


DIALING  UNIT  automatically  calls  police.  $29.95.  Free 
security  equipment  catalog.  S$S  Systems,  561 9-0  St. 
John,  Kansu  City,  MO  64123.  (816)  483-4612 

MUSICAL  INSTRUMENTS 


UP  TO  60%  DISCOUNT,  Name  brand  instruments  catalog. 
Freeport  Music,  114  G.  Mahan  St.,  W,  Babylon,  N,Y.  1  t7(H, 

SERVICES 

SWL's,  CB's,  HAM's.  WDX  will  register  your 
listening  post  and  issue  a  certificate  with  call 
sign-type  identification.  Details  for  return  post¬ 
age  from  Monitor,  P.0,  Box  3333,  Cherry  Hill, 
N.J,  08034. 


MANUALS  for  Govt  Surplus  radios,  leal  Mis.  scapes.  List 
50  cenls  (coin).  Books.  7218  Roenne  Drive,  Washington. 

P.C,  20021. _ _ 

GOVERNMENT  SURPLUS.  Buy  in  your  Area,  How,  where. 
Send  $2  00  Surplus,  30177-RE  Headquarters  Building, 
Washington,  D.C.  20014. 

JEEPS,  TRUCKS,  Typlcelly  from  $52,40  ,  Automobile*. 
Boats,  Motorcycles,  Airplanes.  Oscilloscopes,  Tools. 
Clolhing.  Sports.  Camping.  Photographic.  Electronics 
Equipment  .  200,000  Bid  Bargains  Nationwide  Direct 

tfom  Government  . . .  Low  bs  2  cents  on  Dollar!  Surplus 
Catalog  and  Sales  Directory  $1.00  (refundable).  National 
Surplus  Center,  240  Eastcaaa-PEL,  Joliet.  Illinois  60432, 

WANTED 


GOLD,  Silver.  Platinum,  Mercury  wanted.  Highest  prices 
paid  by  rellnery.  Ores  assayed.  Free  circular.  Mercury 
Terminal.  Norwood.  MA  02062. 


ELECTRONIC  \ 
PARTS  AND  | 
ACCESSORIES  J 

“  AQ  pH-331  REG*  I 

MW  O  QQ  a. 


Stereophones  j 

•Comfortable.  Lighl-  I 
weight 

*25-18k  Hi.  Response  ■ 
•Wrih  6-Ft  Cord  &  V 
Stereo  Plug 


NICKEL 
CADMIUM 
“AA"  Pen-Lite  l 
Cells  I 

•Rechargeable  ! 

For  radios,  calculators,  p 


EDUE 

TUBE 

BONANZA 

BUY  BRAND  NEW  MANUFACTURER'S 
BOXED  TUBES  (Raytheon.  Dumont,  IEC 
Milliard,  *tc.)  AT 70%  OFF  LIST! 

MONEY  BACK  GUARANTEE 

Terms:  Minimum  order  310.00.  Include  postage. 
Either  full  payment  with  order  ar  30%  deposit, 
balance  C  O  O,  F.O.B.  levitteim,  fit. 


6F6GT  4,09 
6FG6  1.43 


8BMI1  3.39 
8BQH  2.49 
8B0U  2.42 
ECBll  3.24 


6L6GB  2.57 


50L6GT  2.06 


10CW5  1.43  0EEOJ 

innvg  (  ■  s  l-“—  “ 


6JBGA  3.51 


6JM6A  2,28 


6SJ7GT  2.33 
6SK7GT  2.40 
6SL7GT  2.40 
6SN7GT  1.59 
6SQ7GT  M 2 
6T8A  2.01 


10GN8  2.01 


1IAR11  2.60 
11BM8  2.09 
11BT11  3.17 
11FY7  1.67 
11KV8  2.31 
11  LOB  2.27 
11  MSB  1.71 
I2AB5  1.49 


12BE6  1.28 
12BFH  249 
12BH7  1.67 


TCU-s- 

■riBBta  CD  0  Qp 

DD14SI-DIEITAL  COLOI  COMytlttPCt 
KXIMTOT  ST  mm  WOU  SHOT.  IN 
miiiclt  d  tirfl  Sell*  Jntecnlign  (LSI) 
ahicH  made  IN  fcm  tori  aoewt  ciltW»lw 
poiiitfr  k*l  *0*  beta  rolled  In  test  eqtjip- 
mcrrl  A  tiafle  monolithic  Pdunnel  »0S 
io)ef rated  circuit  mtntti  l  composite 
yid«  uinal,  camflfete  wrtb  III  lyric  and 
bttttini  pulses  Bisinr  couftltow*  fnj«  a 
antf*  mirir  ctoh  <m»imoMrrihu  ban  2 
separate.  krasynthroated  wciililnni  pro- 
tidn  wild  phne  hcki  of  all  fccmwbL  wt 
lital  and  color  tlinali  •  there  art  NO 
COUNltR  ADJUSTMENTS!  Uunt  dagriel 
matin  laitchmi  iicfcrifluei,  l  slide 
switches  iti«l  any  ww  of  16  patterns.  A 
ifCtt)oe  outl  lib* /moduli  tor  stiff  pronto 
both  R.F  and  VIBtG  ovlput  for  trouble 
ihootini  circuits  by  IrliUt  ift|*diOfl.  H 
Ihooifc  prinunif  intended  lor  ttmoni  Col 
MhHti,  wound  (llii"  i  2ti  » 
4  1 }  poenion  ire  umIIwH  for  amateur  TV, 
umputer  termiwh,  doMd  orcuil  TV.  reto 
tip*  equipment  TV  broadtail  iwbi>il®s 
MU  tabs*  Tv  vote.  TV  station  hpe  uk.  No 
counter  id[pibwnts  Crystal  controlled 
chroma  mc  Epoiyiliu  PC  Boards  2  rear 
wuranh  ndro  &  n  wtpvl  3  color  pahtim 
Modal  DAU  (II  Mlb«t)  Heed  orij 


WRITE  FOR  FREE 
VALUE  PACKED  CATALOG 


CttO £  NO  14  OH  FREE  IMQftMATKW  CARD 


Modal  DAU  (II  pMtm) 

Madd  DSI2K  l»  lit  term  Wt» 
Modal  »U  (II  Httera) 

Made!  Dll  1 1  (JJ  Nltaru)  la  Ct  Form 
ULK 

2  TlMHJUUUUmO«  SUTHTim 


POPULAR  ELECTRONICS 


5400  SERIES 


MOTOROLA  CIRCUITS 


7400 

21 

7442 

106 

74121 

55 

7401 

21 

7446 

t  15 

74122 

49 

7402 

21 

7450 

26 

74123 

105 

7404 

21 

745! 

27 

74125 

60 

7405 

24 

7453 

27 

74126 

81 

7406 

45 

7454 

41 

74132 

300 

7407 

45 

7460 

22 

74141 

1  IS 

7406 

25 

7472 

39 

74150 

1  10 

7409 

25 

7473 

45 

74151 

1  25 

7410 

20 

7474 

45 

74153 

1  35 

7411 

30 

7475 

60 

74154 

1  25 

7413 

as 

7482 

1  75 

74155 

121 

7416 

43 

7483 

1  15 

74157 

1  30 

7417 

43 

7485 

1  12 

741fit 

1  45 

7420 

21 

7466 

45 

74164 

1  65 

7422 

1  50 

7489 

2  49 

74165 

1  65 

7425 

43 

7490 

69 

74t66 

1  70 

7427 

37 

7491 

1  20 

74174 

♦  95 

7426 

33 

7492 

a? 

74175 

1  95 

7430 

26 

7493 

82 

74180 

1  05 

7432 

31 

7494 

91 

7418! 

3  55 

7437 

47 

7495 

9! 

74191 

1  SO 

7436 

40 

7496 

91 

74195 

l  00 

7440 

2i 

74100 

125 

74197 

1  W 

7441 

1  10 

74107 

49 

74298 

l  30 

5400 

1  00 

5475 

1  50 

5404 

1  25 

5466 

1  90 

5410 

1  00 

5493 

700 

5426 

t  25 

54100 

1  80 

5473 

1  50 

S4LS04 

100 

MC7»P 

MC740L 

MC790P 

MC032P 

WC1004L 

MCtooei 

MCtOIOL 


MC 174  ICG 

MCI«4P 

MClflOfiP 

wciatop 

MC2053L 
MC3004L 
MC3006P 
MC300  7P 


400 IAE 

29 

4022AE 

1  20 

MCT0J1L 

125 

MC3021L 

2  15 

400? A£ 

29 

4023AE 

?9 

MC1036L 

12  50 

MC3021P 

215 

4007  At 

n 

4024AE 

1  50 

MCt03?l 

t2  50 

MC3060L 

265 

4009AE 

56 

4025AL 

35 

MC1357P 

105 

MC3062L 

300 

401 QAE 

50 

4026AE 

1  49 

MCH06CP 

3  95 

MC4074P 

2  20 

401 IAE 

29 

4026AE 

1  60 

MC14GBL 

2  90 

MC14501CP 

31 

4012AE 

29 

4029AE 

790 

MCI  469  R 

2  50 

MC14502CP 

1  16 

4013AE 

52 

4030AE 

65 

MC1510G 

6  00 

MC14507CP 

62 

4015AE 

1  25 

4037AE 

450 

MOSUL 

4  50 

MC14510CP 

240 

40I6AE 

65 

404 QAE 

240 

MC1550G 

150 

MCI4511CP 

2  76 

4016AE 

1  10 

4044 AE 

1  50 

MC 1556 

4  37 

MC14312CP 

192 

4019AE 

65 

404 7 AE 

7  75 

MC1595L 

6  73 

MCMS19CG 

94 

4020 A E 

1  75 

4049AE 

75 

MC1596G 

3  31 

MC14S28CP 

1  74 

40?»A£ 

»  50 

405OAE 

75 

MC1723CG 

1  25 

MC4044P 

4  60 

74L  SERIES  TTL 


MISC  CIRCUITS 


74LOO 

33 

741S04 

45  741S113 

98 

74L10 

33 

74LS10 

39  74LST38 

1  89 

74130 

33 

74LS20 

39  74LS174 

750 

74L42 

1  50 

74LS51 

39 

74LS386 

550 

74L86 

69 

74LS74 

65 

74SI53 

2  75 

74LSOO 

i  39 

74LS112 

'  65 

74S387 

1  95 

■ 

74HO0  TTL  1 

74H0O 

33 

74H11 

33 

74H53 

39 

74H0! 

33 

74H20 

33 

74H55 

39 

74H04 

33 

74H21 

33 

74H73 

59 

74H05 

35 

74H30 

33 

74M74 

59 

74H10 

33 

74H40 

33 

74H76 

60 

BC164L 

CA3001 

CA3006 

C  A  3006 

CA3O10 

CAJOIM 

CAM  26 

CA3C35 

CA3039 

CA30S6 

CK707P 

CS134J 

C513SJ 

C$136 

IC3<GE) 

LM3Q1AN 


LM3MK  1  95 
LM3S1AN  70 
LM741CP  40 
LM1458M  6$ 

MFC9020  t  15 
MR995A  1  OS 
MSC9967P1  50 
N5558  5$ 

Nesoaa  s  oo 

NES55V  4$ 
PA771131  45 

PL99455*  45 

RC14370B  35 
SC9M2P  70 
SC9956P  i?5 
SN1S630N  50 


SN15044N  3$ 

SN  »5946  SS 

SN1S6097N  60 

SN72560P  4  SO 

5N727410N  65 

SN7274IC  45 

SN72746P  49 

UA703C  95 

UA70SC  40 

USF7733393  2  40 


n 

LECTROLYTIC 

nidif  iTrtDP 

L _ 

jhpavi  i  UHa- 

CARBON  RESISTORS 

M.n. mum  5  Pc  i  Ppi  Vaiun 


2  2MF50 

3  3MF10 
33MF10 
10MF2S 
10MF50 
10MF190 
25MF35 
30MF25 
47MF25 
47MFM 
100MF16 
TOOMF25 
500MF50 
1000MF35 


AXIAL  LEADS  15 


15 

PRICING 

5-75 

30*95 

100-495 

15 

'■«w5*» 

06 

05 

04 

15 

'twS% 

08 

07 

06 

15 

standard  resistance  values 

20 

Ohms 

15 

10 

270 

e?o 

4  7K 

27  K 

15 

?? 

300 

910 

5  IK 

33K 

15 

47 

330 

1  OK 

6  0K 

47  K 

20 

51 

470 

1  5K 

7  5K 

)MK 

15 

100 

510 

22K 

6  2K 

330K 

20 

150 

560 

2  7K 

10K 

1  0M 

60 

220 

680 

3  3K 

15K 

65 

240 

750 

3  9K 

22K 

POSITIVE 
VOLTAGE 
REGULATORS  I 


LM340K-5  1 9' 

LM340K-6  1  9! 

LM340K-6  1  fi! 

LM340K-12  19! 

LM340K1S  19! 
LM340K1B  1 9! 
LM340K-24  1  9! 

LM340T0  5  1  7« 

LM340T0  6  17! 

LM340T0-8  t  7! 
LM340T0-1?  1  7! 
LU34OT0-I5  1  7! 
LM340l0tfl  1  7! 
LM340T0-24  1  7! 

NEGATIVE 

REGULATORS 

available 


AN  136  2  90 

AN203  3  75 

AN206  4  75 

AN210  3  10 

ANJt  l  3  30 
AN214  4  90 

AN217  3  30 

AN229  6  35 

AN234  5  75 

AN239  fi  50 
AN241  3  20 

AN245  6  50 

AN274  3  95 

ANJ77B  3  40 
AN288  4  60 

AN326  4  05 

AN343  3  90 

BASH  3  50 
0A521  3  95 

HAt  158  6  30 

MA1159  660 
HA1202  3  10 

HA1306W  $  20 


JAPANESE  CIRCUITS 


S1K056  H35 

STK415  1150 
TA7Q45M  3  50 
TA7054P  3  05 

TA7055P  5  SO 

TA7060P  1  65 

TA7061P  225 

1A7U9P  4  00 
TA7063  P  2  2$ 
TA7Q74P  4  90 
TA7075P  4  90 

TA7076P  4  55 

TA7069P  2  90 

TA7102  5  IS 

TA7106P  3  25 

TA71JOP  2  20 
TA7120P-C  2  20 
TA7122AP  2  30 
TA7124P  1  85 

TA7146P  4  10 

TA7150P  4  55 

TA71S3P  6  90 
TA7200P  6  25 


HA1312  4  05 

HA  1322  5  20 

MA1339  5  20 

LA1201  4  25 

LA1364  4  70 

LA1366  6  00 

LA1367  5  90 

LA3301  4  65 

LA4030  4  85 

LA4031P  3  50 
LA40S1P  4  65 
radios  aw 
LD308O  4  00 
L03120  3  10 

LD3141  2  40 

M5112  5  40 

M511SPR  4  SO 
MS  155  2  85 

SG613  5  40 

STK011  10  50 
STK015  6  50 
STK025  12  50 
STK032  14  20 


TA7201P  6  40 

TA7203P  7  00 

TA7204P  6  50 

TA7205P  6  50 

TA70OO5M  2  50 
TA7600SP  1.95 
TA78012M  2  50 

TA76012P  1  95 

TA7801SM  2  50 
TA76015P  1  95 

TC9100P  12  00 

UPC16C  2  50 
UPC20C  5  00 
UPC41C  3  95 
UPC48C  3  95 
UPCS54C  3  90 
UPC563H2  800 
UPC566  H  2  25 
UPC575C  4  10 
UPC1001H2  5  15 
UPC1020H  5  50 
UPC  1025  5  50  I 


IC‘»  ON  THE  MOVE 


BBD  BUCKET  BRIGAOE  DEVICE 
MM 3001  19  50  MN3002  11  70  MM  300  3  9  4$ 

HALL  1C  ON834  125  DN637  160 

ON635  1  35  0N638(NEW| 

SN  76001  1  75  SN 76002  1,95 

PLL02A  MIDLAND  PHASE  LOCK  LOOP  1200 


MICROPROCESSOR  CHIPS 


*4f.4A  J25  7 >92  t  M  MMS01.JI 

C1702A  19  95  C27O0  95  00  0006 

2101  6  95  C4702A  1995  B060A 

MK4200  P-11  4098H  8*  Ovmamc  Ram 

C5101-3  1024  Bn  I266ii4)  Static  C-Mo*  Ram 

MCI 45 14  4  Bit  lalch  4  to  16  L*n«  Dacodar 

CALL  OR  WRITE  FOR  FURTHER  INFORMATION. 
SPEC  S  AVAILABLE 


MM  50 13 

a 

25 

0006 

19 

as 

B060A 

29 

95 

9 

95 

Ram 

4 

50 

tar 

4 

25 

HOBBY  SPECIALS 


f F "  EM  5A.E  BIG  MONEr 

i^i  1  i  i  •<.  3»i  js"- T03  rasfi 

T0220  T0202) 

Translators  100  Aa»t  imctudM  Caaa  To5. 

OKWaPac  T0J9  T018  D07.  0041) 

I  C  Pac  tOO  As  at  ImcfuiJm  14  6  16  Pm) 

Raustor  P«c  60  Atal  (Aaiortad  valu-a*) 

Mo*  Fei  Pa:  io  Aait  (many  top  #  •  Caaa  T072] 

SCR  Pac  tOO  Anal  [umilar  to  Cl 03  Sanaa)  Caaa  to  92, 
VRHMOOV  I400MA  IGT  200MA 

ZENER  OIOOES 

‘  ;  4  1  Wall  101,  30  aach  UP  TO  33V 

GREATER  THAN  33V  CALL  FOR  PRICING 


PACE/PATHCOM  PART  M  sjl 


130079 

400 

1P20-0123 

2  75 

$2^9 

1300821 

65 

IP20-0131 

2SO 

13-0122 

1  75 

IP20-0141 

300 

V  99 

63-0005 

200 

IP20-0M?  3  00 

83-0007 

250 

IP700139 

43 

S3  SO 

83-0006 

200 

IP20-0154  6  00 

$1  50 

63-0015 

300 

1P20-0155 

250 

50  99 

IP20-0QG5  3  00 

1P20-01B1 

400 

$4  00 

IP20-0016 

40 

IP20-0177 

2  75 

IP20-0034  65 

IP2O-0O3?  65 

IP 20 -0045  2  00 
IP20-0073  2  75 
IP20-0093  2.50 


IP20-0178  2  85 
IP20-D191  72 


POPULAR  JEOEC  SEMICONDUCTORS 


JAPANESE  TRANSISTORS  *  CB.  AUDIO.  INDUSTRIAL 


2SA52  60 

2SA316  « 

2SA473  75 

2SA46]  I  95 
2SA459  60 

2SA490  70 

2SA505  70 

2SA564  50 

2SA626  65 

2SA643  65 

2SA647  2  75 

2SA673  6S 
2SA679  3  75 

2SA682  65 

2SA699  1  30 

2SA699A  1  45 
2SA705  55 

2SA615  65 

2  SAB  16  65 


I  OO  2SC774  1  75 

1  10  2SC775  2  75 

65  2SC776  3  00 

3  00  2  SC  777  4  00 

75  2SC776  4  00 

75  2SC701  3  00 

,  75  2SC763  1  00 

70  2SC784  70 

70  2 SC  785  1  00 

70  2 SC  789  1  00 

70  2 SC  793  2  50 

70  2SC796  3  15 

80  2SC79  7  2  50 

1  65  2SC798  3  10 

1  75  2SC799  4  25 

2  50  2SC802  3  75 

1  10  2SG803  4  00 

1  60  2SC01S  75 

1  50  2SC828  75 

80  2SC629  75 

4  25  2SC830  1  60 

75  2SC838  70 

65  2SC639  65 

70  2SC922  55 

2  50  2SC929  70 

1  25  2SC930  65 

3  60  25C938  65 

3  90  2SC943  t  50 

4  15  2SC945  65 

4 25  2SC959  3  IS 

60  2SC960  2  7J 

1  75  2SC964  1  50 

3  50  2SC996  4  90 

3  75  2SCI010  60 

70  2 SC  10 12  60 

2  50  2SC1013  1  50 

2  10  2SC10U  1  50 

2  50  2SC1017  150 

3  00  2SC1016  150 

4  75  2SC1030  4  75 

70  2SC1051  2  50 
70  2 SC  1060  75 

70  2SC1061  1  65 

70  2 SC  1069  3  50 

3  00  2 SC  1079  3  75 
70  2SC10S0  3  75 
70  2SC1096  1  20 
70  2 SC  1096  1  IS 
70  2SC1H5  2  75 
70  2 SC1 166  70 

3  00  2SC1167  4  25 
190  2SC1170  4.00 
65  2SC1 1728  4,26 


2  SC  1173  95 

2SC1175  65 

2  SCi?  09  55 

2SC1213  75 

2SC1226A  1  25 
2SC1237  4  50 
25C1239  4  00 
2SC1243  1  50 

2SC 1293  05 

2SC1306  4  75 
2SC1307  5  75 
2SC1306  4  75 
2SCU17  60 
2SC1316  70 

2SC1325  4  95 
2SC1327  70 

2  SCt  336  1  75 
2SC1348  80 

2SC1347  80 

2SC1364  1  50 

2SC1377  5  50 
2SC1383  75 

2SC1364  65 

2SC1409  1  25 
2SC1410  125 
2SC1447  1.25 

2SC1448  1  25 
2SC1449  1  30 
2SC1475  1  50 
2SC1507  1  25 

2SC1509  1  25 
2SC1569  1  25 
2SC1674  1  75 

2SC1675  1  75 
2SC1876  5  50 
JSC  18  79  4  75 
2SC1756  1  25 
2SC1760  2.15 
2SC1616  4  50 
2SC1906  70 

2SC1909  4  75 
29C1957  1  50 
2SC1973  1.50 
2SC1974  4.90 
2SC1975  4.90 
2SC2026  1  10 
2SC2029  4.75 
2SC2074  3.00 

25 045  2  00 

25065  75 

25066  90 

2SD72  100 


2SF6 

2SCF8 

2SCFS 

HEPS3001 

JSP7001 

MRF0OO4 

MPS6000 

MPS6O01 

MPSU02 

MPSU31 

SK3047 

SK3048 

SK3049 

SK3054 

2SK19 

2SK30 

2SK33 

2SK41 

3SK22Y 

3SK40 

3SK45 

3SK49 

4004 

4005 


1N34 

25 

2N918 

60 

2N2218 

25 

2N29Q6A 

30 

2N3646 

14 

2N4220A 

45 

1N60 

25 

2N930 

25 

2N2218A 

30 

2N2907 

25 

2N3730 

250 

2N4234 

95 

1N270 

40 

2N9S6 

30 

2N2219 

25 

2N2907A 

30 

2N3731 

3  75 

2N4400 

.16 

1N914 

10 

2N960 

90 

2N2219A 

30 

2N2913 

75 

2N3740 

1  00 

2N4401 

16 

2N982 

95 

2N22Z1 

25 

2N2914 

1  20 

2N3771 

1  75 

2N4402 

16 

2N173 

1  75 

2N967 

95 

2N2221A 

30 

2N2916A 

385 

2N3772 

1.90 

2N4403 

20 

2N174 

3  50 

2N1136 

1  7b 

2N2222 

25 

2N301B 

50 

2N3773 

300 

2N4409 

16 

2N176 

M 

2N1142 

2  25 

2N2222A 

30 

2N3053 

30 

2N3819 

40 

2N4410 

16 

2N327A 

1  15 

2N13O0 

1  00 

2N2223 

1  00 

2N3054 

70 

2N3623 

70 

2N4416 

75 

2N334 

1  20 

2N1301 

1  to 

2N2270 

40 

2  N  3055 

75 

2N3656 

.20 

2N5061 

,30 

2N336 

90 

2N1302 

1  25 

2N2323 

1  00 

2N3227 

1.00 

2N3866 

85 

2  N 5084 

SO 

2N338A 

1  OS 

2N1303 

70 

2NZ324 

t  35 

2N3247 

3.40 

2N3903 

16 

2N5130 

20 

2N3B6B 

1  50 

2N1304 

t  25 

2N2325 

2,00 

2N3250 

50 

2N3904 

16 

2N5133 

15 

2N404 

75 

2N1305 

75 

2N2326 

285 

2N3375 

650 

2N3905 

16 

2N5I3S 

15 

2N443 

250 

2N1306 

1  35 

2N  2327 

364 

2N3393 

20 

2  N  3906 

16 

2N5198 

375 

2N456 

1  30 

2N1307 

75 

2N2326 

425 

2N3394 

17 

2  N  3925 

a  75 

2N5294 

SO 

2N501A 

300 

2N1308 

1  50 

2N2329 

4  75 

2N3414 

17 

2N3954 

3-50 

2N5296 

so 

2N506A 

45 

2N1309 

90 

2  N 2356 

25 

2N3415 

16 

2  N  39  54  A 

3  75 

2N5306 

20 

2N555 

75 

2N15S2 

3  25 

2N  2369 

25 

2N3416 

19 

2N3955 

2.45 

2N5354 

20 

2N6S2A 

1  25 

2N1554 

1  25 

2N2404 

32 

2N3417 

20 

2N3957 

1.25 

2NS369 

20 

2N677 

600 

2N1557 

1  15 

2N2712 

16 

2N3442 

1.65 

2N4036 

.75 

2N5400 

40 

2N706 

25 

2N1560 

2  60 

2N2894 

40 

2N3553 

1.50 

2N4037 

60 

2N5401 

50 

2N7068 

75 

2N160S 

35 

2N2903 

3.30 

2N3583 

20 

2N4093 

65 

2NS457 

35 

2N711 

90 

2N1613 

30 

2N2904 

25 

2  N 3585 

20 

2N4124 

16 

2  N 54 50 

30 

2N7HB 

1  10 

2N1711 

30 

2N2904A 

30 

2  N 3830 

20 

2N4126 

.16 

C103Y 

25 

2N716 

25 

2N1907 

4  10 

2N2905 

25 

2N384? 

20 

2N4141 

20 

C108B1 

50 

2N718A 

» 

2N2060 

1  65 

2N2905A 

30 

2  N 3843 

20 

2N4142 

20 

2  N  720  A 

50 

2N2102 

40 

2N2906 

25 

2  N 364 5 

20 

2N4143 

20 

SILICON 
UNIJUKCTIONS 


2N2160  65  MU4692  50 

2N2646  45  MU4693  50 

2N2647  55  MU4694  SO 

2N485 1  75  2N6027  5S 

2N4052  75  2N6026  70 

2N4870  50  D5E37  35 

2N4671  50  MU  10  .35 

MU4891  50  MU20  40 


HARDWARE  *  1C  SOCKET'S 


Nylon  Scf**i  Noli  6  Rivals  (Composts  Kit,  50  pc‘l)1.99 
Tran*  H/W  Mica,  Bushing*  A  Scrawa 
Cbm  T03.  T066  6  T0270  (Specify  Typa.  10  Salt)  i  DO 
MK20  T03  Complata  Mounting  Kll  5^.99 

MK?5  T066  Com  plat*  Mounting  Kn  57.99 

1C  SockM  B  P»n  T06  Pkg  o<  2  1  OOh 

1C  Sockai  10  Pm  T05  Pkg  ot  2  1-22aa_ 

1C  Sockai  14  Pin  DIL  Pkg  of  1  25a* 

1C  Socxat  16  Pin  DIL  Pfcg  d  i  27aa 


10  100 
For  T(* 
IN4001  .60  6.00 

IM4O02  70  6  00 

IN 4003  60  7  00 

IN4004  90  6.00 

IN4O05  1  00  9  00 

IN4006  1  10  10.00 
IN4O07  1  20  11  00 


;  l:  ;  :  :i  new-tone  electronics 

-  p0  B0X  173aA 

rrl  UJO-~  BLOOMFIELD,  N.J.  07003 

. .  ■)  PHONE:  (201)  74a-0171,  0172,  0173 

Th»nk  you,  lor  your  Intaraat  and  raa ponaa  lo  Na w-Tcmal 

NJ.  rMldwits  add  9%  ikw  lai,  minimum  ordar  55.00.  PNon*  Ord#ra  Walcoma 

AH  or  dan  add  51.00  Poalaga  5148  Canada  Daalara  Wrtla  or  Phona  for  Dlacounf  Prloaa 


TREASURE  FINDERS 


HOME  ENTERTAINMENT  FILMS 


INVENTIONS  WANTED 


SERIOUS  COIN  SHOOTERS  —  Samtoch'a  jolW-stoto 
METL-SENSOR  pin^winU  ALL  metal  ob»»cts,  yet  aelmes 
lha  I  argot  before  you  dig  FOR  FREE  literature  write 
Samtach  Corporation*  652  Mitcheif  Rd.  Newbury  Park, 
CalW.  01320, _ . _ 

TAPE  AND  RECORDERS 


RENT  4-Track  open  reel  tapes— free  brochure.  Stereo- 

Parti,  P,Q.  Box  7,  Fulton,  CA  95401. _ _ 

WE  WILL  BEAT  any  price  sheet  In  America.  Featuring 
TDK,  MAXELL,  and  other*.  Tape  World  International.  220 

Spring  St  ,  Butler,  PA  16001. _ 

S-TRACK  and  CASSETTE  BELTS  -  monay  back 
guarantee.  Long  wearing.  Free  Catalog  —  $3  minimum 
order,  PRH  Corp„  Box  176,  Whitewater.  Wisconsin  53190. 

LP’a,  TAPES,  Curreni,  Cutout.  Import*,  Catalogs  $1; 
Beatles  LP-Tapo  Sale,  NERT,  Box  268-PE,  Lawrence, 
Mass  01842. 


MIDSUMMER  FILM  SALE  -  All  va.  Inokl  (The  Boxer  v*. 
the  Wrestler  or  Karate  vs.  All)  Super  B  BA  W  SPECIAL  $6.95 
«a  PPO  Wrestling  featuring  wrestlers  like  Jim  Londo*  ft 
Joe  Savoldi  —  set  of  2,  $6.95  ea  PPD  (6  bouls  lo  a  reel  — 
42.00  oti  per  reel)  -  Buy  singly  or  as  a  set!  Add  to  or  start  a 
World  Series  Official  Film  collection;  Your  choice  o!  200‘ 
Super  B  BftW  $6.95  ea  or  Color  $10  95  ea  —  1969-1975  — 
each  a  separate  reel.  Indicate  exact  year.  Send  tor 
Columbia  catalog.  $0.65;  Universal  B  catalog.  $0-75;  Sport- 
iite  lorms  $0.35,  SPOFITUTE,  Eleci-7,  Box  24-500,  Speed¬ 
way.  Indiana  46224. 


PERSONALS 


MAKE  FRIENDS  WORLDWIDE  through  international 
correspondence.  Illustrated  brochure  tree.  Hermes-Verlag, 

Box  11Q680/Z.  D-1QQ0  Berlin  11,  Germany, _ 

WARTS.  Vergo*  Cream  is  painless,  sale. easy,  gentle.  Buy 
Verge*  el  better  pharmacies. 


Same  day  shipment  Firsl  line  parts  only.  Factory 
tested.  Guaranteed  money  back.  Quality  IC’s  and 
other  components  ai  factor/  prices 
INTEGRATED  CIRCUITS 

M  IS 
IS! 


P.0,  Box  4430C  Santa  Clara,  CA  95054 
(401)  9  08-1640 


(408)  988-1640 

QierL 

ELECTRONICS 

4B  mur  un 

•ft  rmm  Hui  8I?iH 


_  Limit -i  i  ta  y?l*. 

rtiM  t i  uttar-u  i  » 

1 M  kWMr,t  lit 

MiXtt  Jt  IMHST  It  I  J0 


—  ,  _  ***  .  .. 

cast!  j«  *tr*n  rtN 

*  tWK  J«  VMWtl  IU  Kt  HI  191  N  tn-i 


Function  Module  Card  Kit 

Converts  any  frequency  counier  mio  3Vj 
dupt  DVM,  digital  IhermometEi.  pulse 
ft  s^xtare  aentrator  from  10  Hi  to  100  kHr 
Complete ltif  minus  power  supply.  $25.00 

Hobbiest  Electronics  Course 

Boginning  course  at  practical  electronics, 
no  theory.  Lab  experiment  formal.  1 2  les¬ 
sons.  can  bo  purchase*:  one  at  a  lime 

$10.00  per  lesson 

VOLUME  SPECIALS  , 

UMSH7  >  RJ.U  10  M 

UMiiw  iwwi  i  ib  m 

flfl  WG  «  IK  *U 1  1  «  IK 

m*ii )  TMNSitiuM  ioq  i» 

VmnW)  *W*urt*^  ^  K  tt 

p»ti  atu  kilM 

60  Hz  Crystal  Time  Base 

Kit  $4,75  Converts  digital  clocks 
from  AC  line  frequency  lo  crystal  time 
base.  Outstanding  accuracy  Kit  includes 

PC  board.  MM5369.  crystal,  resistors, 
capaatora  and  trimmer 

30  MHz  Frequency  Counter  Kit 

Crystal  time  base  Covers  audio  amateur 
and  C8  band,  6.5’  digits,  prescalabte  wth 

PC  board  and  lull  instructions.  $55.00 
Fully  wired  and  tested  175.00 

Volt/ohm  Probe 

Ban.  oper  AC/DC  to  125  V,  2  pas.  voll. 
and  2neg.  volt,  pins conlinuity.  Stainless 
steel,  packet  size,  comp  assem  $34.95 

Stopwatch  Kit  $26,95 

Full  six  digit  banery  operated  2-5  volts. 

3  2768  MHz  crystal  accuracy  Times  to 

59  minutes  59  seconds  99  rtOO  hrs. 

Digital  Thermometer  $65,00 

Gnneral  purpose  or  medical  32  -  230F. 
□uposabic  pratw  cover  t.2  accuracy 
Completely  assembled  w, compact  case. 

Timi'S  standard  split  and  Taylor  7205 
chip,  an  components  mmus  case  Full 
instructions  White  or  black  plexiglass 

$5.00 

2.5  MHz  Frequency  Counter  Kit 

1  As  tow  as  10  Hz  .6-  50'  digits  wth  PC 
board  and  fuH  Instructions.  $400 

C0SMAC  'ELF 

ACA  CMOS  Nioocwwitar 

COPISQ?  CD  SJfl  »  Uwf5  Mjnual  J7.M 

Complete  kit  of  parts  lo  build  the  ELF  ' 
inclu  ding  CD  PI  802  and  users  manual  as  , 
listed  in  August  76  Pop.  Elect  minus 
power  supply  and  board.  $92.00 

Auto  Clock  Kit  SI  5.05 

DC  dock  with  4‘.SCT  displays.  Uses  Na< 
lioraf  MA1012  module  with  alarm  option 
Crystal  time  base  PC  boards  and  full  in¬ 
structions  Add  $3.95  for  a  beautiful 
dark  gray  case  ready  lo  instill  This  is 
the  best  value  available  anywhere1 

Not  a  Cheap  Clock  Kit  $17.45 

Includes  everything  except  case  2-PC 
boards.  6*. 50"  LED  Displays.  53t4  clock 
chip,  transformer,  all  components  and 
lull  instructions.  Same  dock  Wt  with  .80" 
displays.  $22,75 

Plexiglas  Cases  eiac*  or  white 

wdh  red  bezel  m  clock  sizes.  15,95 


Digital  Temperature  Meter  Kit 

Indoor  and  outdoor  Automatically 
swrtehea  back  and  forth  Beautiful.  50" 
LEO  readouts  Nothing  like  it  available 
Needs  no  additional  parts  tor  complete, 
full  operation.  Will  measure  -100°  to 
♦  200-7,  ax  or  liquid.  Very  accurate. 
Complete  instructions  539.95 


Variable  Power  Supply  Kit 

(M2  VDC  ®  WA7 .  r %  line,  load  regutatron 
Remote  sense  capability.  Constant  voltage/ 
circuit  limit  can  be  modified  lor  other 
V.'t  ranges.  Complete  with  board  and 
translormars.  $24,90 


1977  1C  Update  Master 
Manual  Brand  new  Complete  mi¬ 
grated  circuit  data  selector  Irom  all  manu¬ 
facturers.  1234  page  master  ref  guide  to 
the  latest  IC's  uvetuding  microprocessors 
and  consumer  Circuits,  17,000  cross 
references  lor  easier  sourcing  of  hard  to 
get  parts.  Special  pricing:  $24.95,  with 
tree  update  service  thru  1977.  Domestic 
postage  all  $2.00  Foreign  £6,00. 


BaniAmenearfl  and  Matter  Charge  accepted. 
smppiHH  chirflgt  wHi  be  added. 


FREE:  Send  tor  your  copy  of  our  1977 
QUEST  CATALOG.  Include  13<r  stomp. 


INVENTORS:  Manufacturer#  Need  New  Products.  Fraa 
■  Recommended  Procedure/'  by  a  creative  lee-based 
invention  service  company.  Washington  Inventors  Service. 
422-T  Washington  Building.  Washington,  D.  C.  20QQ5. 


If  you  N&vp  an  idea  r  -  a  new  product  or  a  way 
to  make  an  old  product  better,  contact  us,  "the 
Idea  people"  We'H  develop  your  idea,  introduce  it  to 
industry,  negotiate  for  cash  sale  or  royalty  licensing. 

Write  now  without  cost  Of  obligation  for  free 
information.  Fees  are  charged  only  far  contracted 
services.  So  send  lor  your  FREE  "Inventor"!  KitM  It 
has  important  Marketing  Information,  a  special 
"Invention  Record  Form"  and  a  Directory  of  1D01 
Corporations  Seeking  New  Products. 

RAYMOND  LEE  ORGANIZATION 
230  Park  Avenue  North  New  York  NY  10017 
At  no  COS!  OC  obligation,  pleaic  rush 
my  FREE  "Imran tor's  Kit  Ho  A- 112  " 


BUSINESS  OPPORTUNITIES 


I  MADE  $40,000,00  Year  by  Mailorder!  Helped  Diners  make 
money!  Free  Proof,  Torrey,  Bex  318-NN,  Ypsllanti, 

Michigan  46197. _ 

FREE  CATALOGS.  Repair  air  conditioning,  refrigeration. 
Tools,  supplies,  full  Instructions.  Doolln,  2016  Canton, 

Dallas,  Texas  75201, _ 

MAILORDER  MILLIONAIRE  helps  beginners  make  $500 
weekly  Free  report  reveals  secret  plan!  Executive  {1K7J, 

333  North  Michigan,  Chicago  $0601, _ 

GET  RICH  with  Secret  Law  that  smashes  debts  and  brings 
you  $500  to  $5  Million  cash  Free  report!  Credit  4K7.  333 
North  Michigan.  Chicago  60601. _ 


PROFITABLE  ONE-MAN 

ELECTRONIC  FACTORY 

Investment  unnecessary,  knowledge  not  required, 
sales  handled  by  professionals.  Postcard  brings 
facts  about  this  unusual  opportunity.  Write  today  1 
Barta-OT.  Box  248,  Walnut  Creek,  CA  94597. 


HOW  TO  MAKE  $2,000  WEEKLY  at  home  using  other  poo- 
pie's  money.  Guaranteed.  Free  Details.  Richll«u>  Box 

25357,  Dept.  F7,  Houston  77005. _ 

NEW  LUXURY  Car  Without  Cost.  Free  Details!  Codex-22, 

Box  6073,  Toledo,  Ohio  43614, _ 

MAKE  BIG  MONEY  in  spore  time  selling:  Tubes.  Antennas, 
Speakers,  Teal  Equipment.  Lite  Bulbs,  Hi-R,  etc.  No  Invest¬ 
ment  Free  Information’  Allied  Sales.  Pimento,  IN  47868. 

1812)  495  6555  _ _ _ 

MECHANICALLY  inclined  individuals  desiring  financial  in¬ 
dependence  operating  Small  Electronics  Manufacturing 
Business  without  investment.  Write;  Marks,  92-K7  Brighton 

11th,  Brooklyn,  New  York  11235. _ 

$500.00  WEEKLY!  IMMEDIATE.  GUARANTEED  income 
stuffing  envelopes.  FREE  Supplies!  Interested?  Send  25 
cents  stamp.  Profits,  B725-PE7,  Baton,  N.M,  07002- 

FREE  REPORT.  Big  Money  In  Mail!  Transworld-9K.  Box 
6228.  Toledo,  Ohio  43014, 

HOW  TO  BORROW  $25,000  interest-free L. ,  .Indefinitely! 
Free  Report:  Executive -PE7.  Bo*  388.  Buford.  Georgia 
30518. 


MAGNETS 


MAGNETS,  All  types.  Sp«lala-20dlac.  or  10  boi,  or  2  slick 
or  8  assorted  magnets.  $1.00.  Magnets,  Box  192+1  Ran- 
dalltlown,  Maryland  21133. 
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POPULAR  ELECTRONICS 


Radio  Hut 

Money  back  guarantee.  NO  COD'S.  Texas 
residents  add  5%  sales  tax.  Add  5%  of  order 
for  postage  and  handling.  Orders  under  $15.00 
add  75  cents.  Foreign  orders  add  10%  for 
postage. 

For  your  convenience,  call  your  BankAmericard 
or  Master  Charge  orders  in  on  our  Toll  Free  Watts 
Line;  1-800*527-2304.  Texas  residents  call  col¬ 
lect:  1-214-271-8423. 


Memorex  computer  boards 
with  IC's,  diodes,  transistor, 
etc.  5  Boards  containing 
100-200  IC's 
ONLY  $4.25 


BRIDGE 

RECTIFIERS 


6  Amp 

50V 

1  10 

10  Amp 

50V 

1.25 

25  Amp 

50V 

1,39 

P.O.Box  64783P 
Dallas.  Texas  75206 


BankAmericard 


MK  5005 

4  digit  counter /latch 
decoder;  7  segment 
output  only.  24  pin 
dip  with  specs. 

$  8.00  EACH 


PLASMA  DISPLAY  KIT 

Kit  Includes:  12  digit  display  .4"  Charac¬ 
ter  Power  supply  for  display 
above  Complete  specs  for 
hookup. 

Line  cord  Not  Included.  ONLY  $  3.95 


ONLY  $  14.95  LT701G  24hourcloi 
HARDWARE 

New,  includes  2-56,  4-40,  6-32  and  B-32 
screws  and  nuts.  A  very  usable  selection. 
%  pound  $1.50 
1  pound  $2.60 


74LSOO 

74LS02 

74LS04 

74LS08 

74  IS  10 

74LS11 

74LS20 

74LS21 

74LS22 

74LS27 

74LS30 

74LS32 

74LS37 

74LS38 

74LS74 

74LS90 

74LS132 

74 LSI 38 

74LS139 

74LS155 

74LS157 

74 LSI 62 

74LS163 

74LS17S 

74LS193 

74LS258 

74LS367 

74LS368 


25 

4020 

.85 

4046 

.90 

.25 

CD4000 

.16 

CD4040 

1.00 

.30 

CD4001 

.16 

CD4041 

.69 

.25 

CD4002 

.16 

CD4042 

.59 

.25 

CD4007 

.16 

CD4043 

.60 

'll 

CD4009 

.45 

CD4044 

.59 

.4  1 

33 

CD4010 

.45 

CD4047 

.59 

33 

CD4011 

.16 

CD4049 

.35 

-30 

CD4012 

.16 

CD4050 

.35 

31 

CD4013 

.29 

CD4051 

.90 

.33 

CD4014 

.75 

CD4053 

.90 

40 

CD4015 

.75 

CD4056 

1.00 

35 

CD4016 

.29 

CD4058 

.90 

49 

CD4017 

.80 

CD4060 

1.00 

.85 

CD4018 

.80 

CD4066 

.69 

.90 

CD4019 

.39 

CD4069 

.30 

89 

CD4021 

.90 

CD4071 

.16 

89 

CD4022 

.90 

CD4076 

.99 

90 

CD4024 

.70 

74C04 

.29 

1.00 

CD4025 

.19 

74C107 

.29 

1  39 

CD4027 

39 

CD4116 

.39 

1.39 

CD4028 

.75 

CD4507 

.40 

1.09 

CD4029 

.99 

CD4512 

.50 

1.09 

CD4030 

.16 

CD4516 

.85 

1 .09 

CD4034  2.30 

CD4518 

.85 

,70 

70 

CD4035 

.99 

CD4520 

.85 

SPECIAL  DEVICES 

82S23  2.19 

2513  10.00 

MK4102-1  .99 


PROJECT  CASES 

Smalt  Mwj  Lasfrr 

SI. SO  sz.oa  $2.75 

0  2  1(2'  U  2  D  2  12 

M]4  1 V*  W  t 

H  1  7'B  *4  3  12  M-4 

All  CflKzi  K.tvr  a  Itt  t»i  *h«|v  | 

mtli  triad.  ■vrmfcl*  hrmh 


UNSCRAMBLER  KIT 

for  all  Scanners 
•Tunes  easily 

•  Full  instructions  included 

•  Easy  to  install 

•  3Ya"  x  3Va"  x  Vh" 

Only  $19.95 


RESISTORS 

Over  50.000.000 
in  stock 

*330  ohm  ??K.  ihm 
4  70  ohm  ?1K  *im 
*  *680  ohm  33K  uhm 
1 K  ohm  39K  ohm 

1  2K  ohm  43  K  ohm 

2  2*  ohm  47K  ohm 

3  3K  ohm  B7K  ohm 

4  7K  ohm  10QK  nhm 
6  8K  ohm  150K  nhm 
10K  uhm  270 K  ohm 


*1  8W  ooly 

*•1  JWrrty 

AM  r«rt«wt  C  Lr%»rl  but 

not  pull  oMi 

100  iron  ordrr  loi  each  *Muv 


REGULATORS 


READOUTS 


7805 

7806 
7808 
7812 
7815 

Your  Choice 


7818 
7824 
7905 
7912 
7915 
$  .95 


.  * 

Best , 


WATERGATE  SPECIAL 

Telephone  Relay  automatically  starts  and 
stops  tape  recorder.  No  batteries  required. 

Kit  complete  with  drilled  P.C.  Board. 

Parts  and  Case  _ ONLY  $10,95 

CLOCK  KIT  Kit  'ncludBS 

-  LT701  clock  module 
Power  Supply 
•  Punched  Case 

B  *12  or  24  hour  operation 

R!  f  Complete 

W  except  for  line  cord 

^  LT701E  12  hour  dock 

INLY  $  14.95  LT701G  24  hour  clock 


VARIABLE  POWER  SUPPLY  KIT  NO.  1 
*Continously  variable  from  5V  to  20  V 
•Excellent  regulation  up  to  500  mil. 

•4400  Mfd  of  filtering 
•Drilled  fiberglass  PC  Board 
•One  hour  assembly 
•Kit  includes  all  components 
•Case  Included  ONLY$10  95 

VARIABLE  POWER  SUPPLY  KIT  NO.  2 
Same  as  above  but  with  1  amp  output,  also  with  case. 
_ ONLY  $13.95 _ 

dattcdv  m  ido  1  TRANSISTORS  - 


BATTERY  CLIPS 

Standard  9V  battery  clip  with 
4-1/2"  tinned  leads.  25/S1.00 

***  *+4 

:  TTL  ; 


7400 

17 

74  7 J 

21 

7401 

17 

74  74 

35 

7402 

17 

7475 

65 

7403 

17 

7476 

35 

74H04 

25 

7480 

45 

7404 

17 

7483 

76 

7406 

25 

7485 

39 

7403 

17 

7486 

35 

7409 

17 

7490 

71 

7410 

1  7 

7491 

71 

7411 

25 

7492 

71 

7413 

45 

7493 

67 

7420 

17 

7494 

90 

7421 

17 

7495 

71 

7423 

35 

7496 

.85 

7425 

27 

74100 

96 

7426 

25 

74121 

31 

7427 

17 

74123 

61 

7430 

25 

74125 

44 

7432 

30 

74141 

71 

7437 

35 

74145 

97 

743B 

35 

74151 

71 

7440 

17 

74153 

61 

7442 

60 

74154 

97 

7443 

60 

74 161 

91 

7444 

85 

74163 

1.05 

7446 

85 

74164 

105 

744  7 

81 

74174 

91 

7448 

81 

74175 

1-40 

7450 

20 

74180 

.78 

7451 

17 

74181 

2.25 

7453 

17 

74191 

1.20 

7454 

17 

74192 

1 70 

7470 

35 

74193 

85 

7477 

21 

74196 

69 

DIODES 


*  I  00 

■?  NMO  1%  ido 

bn  oo 

N4400  ft  I  ,00 

.  N4  4  4  St  K  1  1  00 
IN4P04  IW|  bO 

1  N4  00  10/1  00 

1  N4  J  4  ||N<ll(|7tl/M)C 

IWOl  VIM  Ihi  Atnv  HO 
040C1  Poww  Deri  -  a/i  00 

•House  numbered 
and  P.C.  Lead 

LINEARS  6( 

lMJOI  JO  p 

LM  30  U 

M3Q0*  9S 

l  Mjll  0b  en 

i  m3  as  en 

IM3B0  tb  £ 

LM3900  30  ,W 

LM710  2b  gr 

(Mini  2b 

LM  723  40  .01 

LMJ4I  2b  tjc 

IMJ48  n  x  j , 

N€&b3  1  95  711 

N  tbbb  40  1C 

HtbbO  95  n( 

tltbGb  9b 

NE504  95 

Nf56(  I  10 

1458  49 

RCA3043  fb 

/W91  JO  - - 

75497  JO  r 


ORDER  BY  PHONE.  Charge  your 
order  to  BankAmericard  or 
Master  Charge. 

USE  OUR  TOLL  FREE  WATTS 

*  1-800-527-2304  „ 


?  FND70 .4"C.C.  .59 

I _  FND800 .8"C.C.  1.69 

Tl  6  digit  array  C.C, 

3/1.00 

MAN  8  .3"CA  Yellow 
89 

LT767  .7"  C.C.  4  digit 
_ stick _ $  3.95 

Ni-Cad  Batteries 

Brand  New  Size  "AA" 

».  Ni-Cads  ONLY  $4.50 

~  PC  BOARDS 

4  «*!«  PCB  f  F  ND800  «r  807  2  50 

6  Jnu  PCB  hie  FN0800O*  807  3  50 

10  A  ilnii l  PCH  liie  DL  707  t  SO 

J>D  1 

0D  6  *Ji  q«l  PCS  Vn«  DL  707  2  00 

OP  4  .i.j.r  PCD  t  t  F  ND5Q3  or  510  2  DO 

qJJ  ftrtiqu  PCB  Im  FND503  Dt  510  3  00 

,00  PCB  tm  DL74T  7  50 

0tl  6  rtiqtl  PC8  (m  OL74  7  3  00 

JjJ  4  dim  t  PCB  for  D  L  727  or  728  7  00 

DC  G  Mi*ji  t  PCB  for  D  L  727  at  738  3  00 

*0  4  limit  PCB  *nt  FND359  or  70  t  75 

00 

^  NOTE:  All  PC  Boards  »r«  multiplexed 

lor  tddmg  additional  digits.  j 

60  Hz  =  L<*)WK  = 
Crystal  Time  Base  Kit  _  «it 

enables  a  MOS  clock  circuit  to  op¬ 
erate  from  a  DC  power  source.  Ideal 
for  car,  camper,  van,  boat,  etc. 

60Hz  output  with  an  accuracy  of 
.005%  {typ.l  Low  power  consump¬ 
tion  2,5  ma  |typ,).  Small  size  will 
fit  most  any  enclosure.  Single  MOS 
1C  oscillator/divider  chip  5-15  volts 
DC  operation. 

ONLY  $5.95 
2  for  $10.00 

RADIO  HUT  GUARANTEE 

If  you  are  not  satisfied  with  any  of 
our  products  NO  MATTER  WHAT 
THE  REASON  we  offer  you  a  full 
money  back  guarantee  if  the  prod¬ 
uct  or  products  are  returned  within 
14  days  after  you  receive  them. 
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World’s  Lowest 
1C  Prices 


•  SPECIAL  PRICES  * 


74$wg  Mi 

tm  *.»  * 

3101  1.» 


J4SI74  MIS 

HS175  M»  * 

UtM !  1*4 

1M 

74W57  1 


t  7| 

NE*3*T  2  71 

nuuv  t) 

NC4MA  .*0 


QfOtr  ifawnum  f  70  00  4<W  f  f  00  iA<ionj  *^iif  cflary*  p#e  wcMv  CjWo«na  ro*<7r^[»  j£jtf  G*.  iMi 

ft*  «»#i  Mv<wc  fWirClM*  **>wi  24  Aot.fi 


Oftftr  ttH  lilWWt  UtM  i  vefudi#  Lmowmb  Court*  U^montjMtr  OtilQfl  I*  a  Sn«p  for 

SfBJOffMl  tv«^**«>pMMSiOOO  OMhl  •«*  wrjr  ITP^P  ICl 


SWfKtton  100*.  guarani  *#d 

!  €LTRON 


Fif«  catalog  *— Jual  wind  ua  your  rurr»  and  addraa* 


COD  Ordara  Phona  (day  «  rhQhll  4<*»4  14*» 

P0  BOX  2542a  [ 

Sunnyvale,  CA  94087  * 


For 

faster 

service 

USE 

ZIP 

CODE 


all 

mail 


ClflCU  NO.  16  ON  FREE  iNfORUATWN  CARD 


BOOKS  AND  MAGAZINES 


FREE  book  prophet  Elijah  corning  before  Chris) ,  Wonderful 
Wble  evidence.  Meglddo  Mtwk>n,  OepL  64,  481  Thurslon 
Rd.,  Rochester.  N.Y.  14619. 


POPULAR  ELECTRONICS  INDEXES  For  1978  now  avail¬ 
able.  Prepared  m  cooperation  with  the  Editors  of  <4PjC.M 
this  index  contains  hundreds  ol  relerences  to  product 
tests,  constiuclion  projects,  circuit  Ups  and  theory  and  li 
an  essential  companion  to  your  magazine  collection.  1976 
Edition.  $1.50  per  copy.  All  editions  from  1972  onward  91141 
available  at  the  same  price.  Add  $.25  per  order  for  postage 
and  handling,  $.50  per  copy,  foreign  orders.  INDEX,  Box 
2228,  Falls  Church,  Va,  22042. 


TECHNICAL  MANUALS  —  Amoco.  Arrl.  Cowan.  Giller. 
Rider,  RCA  Radio  Call  book,  Sams.  Tab,  T.l,  Postage  35 
cents  bk,  ppd.  Five.  Madison  Electronics.  1508  McKinney. 
Houston,  Texas  77002. 


BACK  ISSUE  MAGAZINES  1890  to  1976.  Free  list.  Send 
stamped  envelope  to  Everybody’s  Bookshelf.  Dept.  PE.  31 7 
Was)  6th,  Los  Angeles,  CA  90014. 


FREEf  Consumer  Service  Division  Catalog.  In¬ 
cludes  a  wide  variety  of  products  associated  with 
the  special  interests  of  readers  of  Ziff-Oavis  mag* 
azines  —  PSYCHOLOGY  TODAY,  POPULAR 
PHOTOGRAPHY,  STEREO  REVIEW,  POPULAR 
ELECTRONICS,  BOATING,  FLYING,  CAR  & 
DRIVER,  CYCLE,  SKIING,  Send  for  YOUR  free 
catalog  today.  Consumer  Service  Div.,  595 
Broadway,  DepL  CL,  N.Y.,  NY  10012. 

HYPNOTISM 


SLEEP  learning.  Hypnotic  method.  92%  eflectlva.  Details 
tree.  ASR  Foundation.  Box  23429EG.  Fori  Lauderdale. 
Florida  33307. 


FREE  Hypnotism.  Sell-Hypnosis.  Steep  Learning  Catalog) 
Drawer  H40D.  Ruidoso.  New  Mexico  88345. 


AMAZING  eell-bypnosia  record  releases  lenlashc  mental 
power.  Instant  results!  Free  Inal.  Wrtie  Forum  (AA7),  333 
North  Michigan.  Chicago  60601. 


27lfet 8K  fPflOM  174  95 

752?  STATIC  SHff  THE®  ft  10!/ 

TftUCHA  HALTER  I  .EN  s  91M» 

7518  HEX  &  eiTSfl  S  JW) 

7t07i  1074  8t  RAM  tiro 

57K04K  PVt#  AMI  CHAM  S  6  Oft 

MM5202A  UV  PROW  SOW/ 

MM5703  UV  PR  QX*  SO  9'-* 

1  XD2A  UV  PROM  ft  5,95 

57CM4K  PNOM  SID  05 

AV  6  1013UART  _  5  6  95 

MINIATURE  ‘  MULTI  TURN  T7flM”t'DFS 
10D,  500.  2K.5K.1  DKH25K.  bOK.  100K,200K 
1  Wtfl.  S.  75  ear*  .  J.'S?  00 

3010  Uy*  1  16"  *lm'  #T  1  4”m50  UHI. 

IK  10K.  OOK  Mlnih  Si  50rn  3-54.00 


fO  18.300V  I A  4  1  ft 

TRANSISTOR  SPECIALS 

TNjsa&NPNS.  togg  s  n 

2N3I73  NPNSt  TOa  ft  1  GU 

7N45GAPNPGE  S  7ft 

7N490&  PUP  5,  TO  3  5  t  00 

7NG056  HPU  St  TO-J  D.^l^inn  5  t  70 

2N500G  PNP  5/  TO  97  4ift  1  00 

7N409SPNP  TQOfl  ft  CO 

7N404  PNP  GE  TO  5  bft  1  00 

?Nroi9NPNSi  10  3  RE  ft  (  50 

MPSA  I3NPN  &i  TOO?  .3  SI  00 

2N3767  P*PNSi  TQGG  .S  JO 

7N7773  wnNSatCMB  ftJft  1  00 

2NMS&  UPU  5.  TO  3  5  R0 

7N39CH  W»N  ft.  TOM  5-5  I  CK1 

2N3906  PNP  &  TO  07  51  l  00 

2N5296  NPN  5>  TO  77Q  S  50 

2N6100PNPS.  TO  270  S  55 

2NJG38  PW  &  TO  i  5rS  I  00 

2N05J  |  NPftf  TG  97  $,  3,1  »  00 

C/MOS (DIODE  CLAMPED! 


74C10 

23 

4016 

40 

4039 

1  10 

74CI93  1  50 

4017- 

1  Oft 

4UJO 

77 

4001 

32 

4018  - 

1  00 

4013 

1  50 

4002 

27 

4019 

25 

4036 

1  10 

4430a 

130 

4070 

1  05 

4047 

m 

4001- 

33 

4077 

96 

4046- 

-2  26 

4000 

■*2 

4073 

2? 

4040 

40 

4010 

42 

4024 

1b 

4050 

40 

40T1- 

22 

4075 

n 

4056 

\  M 

4012 

22 

4030 

i  ?$ 

4066 

80 

4013 

40 

402T 

40 

4071 

-27 

4016 

96 

4028 

60 

4076 

tot 

LED  READOUTS 

END  359  C.C.  4"  ft  SSHPWrCC  Si  25 
FND70C.C  *■'  i  ,6Q  WANT  r  tX  «  35 
FND503CC  S  El  05  NSJJ-J4k|  ^.uy  $  75 
TND  5t0  CLA  St  05  DL  747  C.A  ,r  Si 


T*m»;  FOB  Camtoridg*.  Mui. 
Swtd  Chuck  or  Mociay  Onto. 
Indud*  Pmum,  Minimum 
Ord*r  15.00,  COO'S  S20.00 


PRINTED  CIRCUIT  BOARD 


7  WATT  LD  65  LASER|DIODE  IR 


TANTULUM  CAPACITORS 


7U  3870  P  F  E  T 

ft  45 

3N  6457  U  F£T 

ft  45 

7M2G46 

ft  45 

tFtOOO  IfllGGEft  UlUDCi. 

4.  SI  00 

7N  6028  PROG  UJT 

$  66 

a  PiU  Dip  SOCKETS 

S  74 

(4  PU4  DIP  SOCKETS 

ft  25 

1G  PIN  DIP  SOCKETS 

ft  38 

18  PtN  DIP  SOCKETS 

S  30 

74  PlU  lji!>  50CK  f  T  S 

S  40 

78Pir*  OIP  SOCKETS 

5  50 

40  PiN  DIP  SOCKETS 

S  60 

VKfllPAX  PC  HOARD 

T|m  Ita jrH  i,j1i  iG "  vimil*  Vtl  (tappr  rp«  »v 

4' ,  >G  •'  OR  It  LFU 

.mil  CTCUED 

Will  holtl  tip  1C  Jf  5.|kylr  14  |Mli  1C’1. 

qr  0  Ifi.  in  LSI  DIP  IC^  - 

i«|h  liinvn  loi 
..  ^.1  >?! 

MV  6GS1  VtLLCXVCiHtt*» 

BtPOl  Aft  CFD 

51  75 

fP  lOOPHOfO  fHANS 

S  SO 

RED,  TELLOW.  GRE£W  o»  AM0EF1 

LARGE  LCD'i 

6^*1  00 

1  L  5  rMCT  2) 

5  75 

MOLEX  PtN5 

loyj-fti  oo 

lOGO  W  00 

10  WATT  ZENERS  3  9.  4  7, 

5  6,  0  2. 

12.1ft. 1 8,77.100,1 50  nr  200V  nt  t  flO 

1  WATT  ZENERS  4  J  5  6  K)  12  15 

IBcj.  22 V 

ft  7ft 

MCB8G0  WDOEA1  CHIP 

S9  9S 

Silicon  Power  Reel  liters 


PRV 

IA 

34 

13A 

50  a 

1  ?5A 

100 

OG 

14 

JO 

90 

3  70 

TOT 

07 

20 

3b 

1  15 

4  20 

400 

09 

25 

50 

1  40 

G  50 

QOO 

11 

30 

JO 

[  80 

Q50 

000 

15 

3ft 

90 

2  30 

10.50 

_  1000 

20 

45 

1  10 

2  75 

1750 

SILICON  SOLAR  CELLS 

2!4‘'  dttmertr 

4 V  3t  500 ma,  S4  00/.2V  d(  200 mill  S?,nO 


REGULATORS 

209K  .  .  ,  ft  K 

J4UK  ft.17  V 

723  S  M 

.■1  74  V 

51  75 

LM  376  S  60 

34  U1  5.  >j_  li. 

.  1? 

3TOK-5  £k  1BV  SI  40 

15,18  or 

24  V  Si  16 

3 TOT  5,32.16 

?£  HKJ, 

ft!  18 

oi  24V  SI  25 

79  ftrii 

51  35 

R5232  DO  35P  main 

S3  75 

CONNECTORS  D6  25S  Irmol. 

S3  95 

Full  Wave  Bridges 


NATIONAL  MOS  DEVICES 

»fM14D2 

1  tb 

MMVHjJ 

2  25 

MW1403 

1  75 

7  fb 

MM1 404 

1  'S 

^ISOOQ 

7  75 

MM50U 

750 

MMbOfti 

7  50 

MM50I6 

7  50 

4  7b 

MM5017 

7  70 

MM56&6 

4  75 

MM5055 

2,2ft 

MMS7I0 

1  95 

MMSIb 6 

725 

MMtiTGO 

1  75 

#74.  EIGHT 
CONDUCTOR 
SPEC  IRA 
FLAT  CABLE 
107*150 
KKMtj56 


:  SERIES 

15  MI5D 


7*03- 

14 

M4K 

65 

7404 

10 

74  GO 

15 

7405- 

18 

7*  1} 

29 

7406 

25 

74  n 

29 

7407- 

25 

7474 

29 

74  oa 

18 

7476- 

4b 

74D9- 

17 

7476- 

30 

7410- 

H 

7490 

35 

7411- 

20 

7483 

67 

7412 

20 

7486- 

87 

7413- 

M 

74WS 

JO 

7434- 

63 

7489 

1  BS 

74 1G 

25 

7490 

42 

7417 

.25 

7491  - 

&8 

7420- 

14 

7492- 

43 

7425 

25 

7493 

4ft 

7426 

21 

7494- 

70 

7427 

25 

74S5 

G5 

7430 

14 

7496 

Gft 

7432 

25 

74107- 

28 

7437- 

21 

74171 

33 

7438 

21 

74 123 

6ft 

7440- 

14 

74125 

40 

1441- 

70 

74126 

40 

7442 

40 

741J7 

67 

30  14176 

BS  J4TT? 
42  J41fia 
J4 I8t 


D 


SOLID  STATE  SALES 

P.0,  BOX  74A 

SOMERVILLE,  MASS.  02143  TEL.  (617)  S4740D5 


74  LS  LINEAR 

SERIES  CIRCUITS 


.  F4LSI55  140 
;  /4LSI57-  M 

;  T4LSIW  1» 

;  MLSiei  145 
i  msie?  1  50 
;  7415(63-1.50 

■  74U»aa  ?i5 
74LSte9  2  15 
74L5I73  745 

74L5174  1.20 

74LSU5  1  7J 
J4LS130  I  15 
74LS191  I  75 
7415102  l  75 
i  ?4LSt93  I  n 
>  74LS195  1 05 

I  74LSUK  •  105 
I  74LSt9J  135 
7415357  135 

TILtTta  1  33 
14L02BB  55 

74L53G5  M 

T4L£3«J  62 

74L&?ea  ee 
74LSX90  2.20 

LINEAR 

CIRCUITS 

um  iui  it 

LH3d1/T4B  31 
LW  307  30 


LM  311  -  ® 

iM  318  » 

LH3I9  » 
LM  374  « 

LM  3»  -  10 

LM  3?0  M5 
LM  377  2  50 

LM  3KI  BS 
LM  301  1  25 

LM  JB3  -  I  2ft 
LM537  -  3  50 

LM  553  2  50 


TfilACS 


SCR’S 


14 

MlA 

.’JiA  I 

*  ft* 

r-A 

IftX 

100 

40 

TO 

7-30 

40 

50 

1  20 

200 

70 

I  10 

t  75 

GO 

70 

1  &P 

400 

f  to 

1  60 

2  DO  ' 

]*.■  1 

1-00 

1  20 
i  l 

T3U 

J  oa 

WE  SHIP  OVER  95% 
OF  OUR  OROERS  THE 
DAY  WE  RECEIVE  THEM 


emeu  no  47  on  ma  awwiATioh  caac 


POPULAR  ELECTRONICS 


FREE 

INFORMATION: 


Learning  more  about  a  prod¬ 
uct  that’s  advertised  or  men¬ 
tioned  in  an  article  in  this 
month’s  issue  is  as  simple 
as  one,  two.  three.  And  ab¬ 
solutely  free. 


Print  or  type  your 
name  and  address  on 
the  attached,  card. 
Use  only  one  card 


per  person. 


2  Circle  the  numberts) 
on  the  card  that  cor¬ 
respond  to  the  Hum¬ 
berts)  at  the  bottom 
of  the  advertisement  or  arti¬ 
cle  for  which  you  want  more 
information. 

[Key  numbers  for  advertised 
products  also  appear  in  the 
Advertisers'  Index,) 


3  Simply  mail  the  card, 
and  the  literature 
will  be  mailed  to  you 
free  of  charge  from 
the  manufacturer. 


POPULAR  ELECTRONICS  PE7773 

USE  ONLY  ONE  CARD  PER  PERSON 

NAME _ 

ADDRESS _ 

CITY _ 7 _ STATE _ _ ZIP _ 

(Zip  Code  must  be  included  to  insure  delivery.)  {Void  after  Sept.  30,  1977) 

Do  you  feet  that  electronic  home  study  courses  are: 

Reliable  a.  □  Yes  b.  □  No 

Difficult  c,  □  Yes  d.  □  No 

Expensive  e.  □  Yes  f,  □  No 

[3  Please  send  me  1  2  issues  of  Popular  Electronics  for  $6  99  and  bill  me. 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15 

16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 

31  32  33  34  35  36  37  38  39  40  41  42  43  44  45 

46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 

61  62  63  64  65  66  67  68  69  70  71  72  73  74  75 

76  77  78  79  80  81  82  83  84  85  86  87  88  89  90 

91  92  93  94  95  96  97  98  99  100  101  102  103  104  105 

106  107  108  109  110  111  112  113  114  115  116  117  118  119  120 


POPULAR  ELECTRONICS  PE7772 

USE  ONLY  ONE  CARD  PER  PERSON 

NAME _ 

ADDRESS _ 

CITY _ STATE _ Zie _ 

(Zip  Code  must  be  included  to  insure  delivery.)  (Void  after  Sept.  30,  )977) 

Do  you  feel  that  electronic  home  study  courses  are: 

Reliable  a.  □  Yes  b,  □  No 

Difficult  c.  □  Yes  d.  □  No 

Expensive  e.  □  Yes  f.  □  No 

□  Please  send  me  1 2  issues  of  Popular  Electronics  lor  S6.99  and  bill  me. 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15 

16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 

31  32  33  34  35  36  37  38  39  40  41  42  43  44  45 

46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 

61  62  63  64  65  66  67  68  69  70  71  72  73  74  75 

76  77  78  79  80  81  82  83  84  85  86  87  88  89  90 

91  92  93  94  95  96  97  98  99  100  101  102  103  104  105 

106  107  108  109  110  111  112  113  114  115  116  117  118  119  120 


POPULAR  ELECTRONICS  PE7771 

USE  ONLY  ONE  CARO  PER  PERSON 

NAME _ _ 


ADDRESS _ 

CITY _ STATE- _ _  Ziff _ 

{Zip  Cade  must  be  included  to  insure  delivery. )  (Void  after  Sept.  30,  1977) 

Do  you  feel  that  electronic  home  study  courses  are: 

Reliable  a.  □  Yes  b.  □  No 

Difficult  c.  □  Yes  d.  □  No 

Expensive  e.  □  Yes  f.  □  No 

I  1  Please  send  me  12  issues  of  Papular  Electronics  for  56  99  and  bill  me. 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15 

16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 

31  32  33  34  35  36  37  38  39  40  41  42  43  44  45 

46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 

61  62  63  64  65  66  67  68  69  70  71  72  73  74  75 

76  77  78  79  80  81  82  83  84  85  86  87  88  89  90 

91  92  93  94  95  96  97  98  99  100  101  102  103  104  105 

106107  108  109  110  111  112  113  114  115  116  117  118  119  120 


First  Class 
Permit  No  217 
Clinton,  Iowa 


BUSINESS  REPLY  MAIL 

No  postage  necessary  iF  mailed  in  the  United  States 

postage  will  be  paid  bv 


Popular  Electronics 

P.O.  Box  S905 
Clinton,  Iowa  52732 


First  Class 
Permit  No  21 7 
Clinton,  Iowa 


BUSINESS  REPLY  MAIL 

No  postage  necessary  iF  mailed  in  the  United  States 
POSTAGE  WILL  BE  PAID  BV  I  ■  ■  — 


Popular  Electronics  -  I 

P.O.  Box  2905 
Clinton,  Iowa  52732 

. . *i 


First  Class 
•  Permit  No  21  7 
Clinton*  lows 

l _ 

BUSINESS  REPLY  MAIL 

No  postage  necessary  if  mailed  in  the  United  States 
postage  will  be  paid  by  ^ 


Popular  Electronics 

P.O.  Box  2905 
Clinton,  Iowa  52732 


The  most  complete... 
most  sophisticated... 
most  versatile  Test  Disc 
available  today... 

For  Just  $Q95f 

Who  need*  the  New  Model  SR12?  You  do 

Whether  you  an  avid  audiophile,  a  casual 
listener  or  a  professional  technician  . 

Ihc  now  MODEL  5ftt2  will  he  Tho  mosl  im. 
pofTani  dfS-c  (n  you*  erui-fj*  coli&cban  MODEL  \ 
SR12  hfta  teen  produced  by  Stereo  Review 

Maga/inr  Tor  music  lovers  who  wnfi!  irtifnC' 
dial®  answers  10  questions  about  mp  per- 
rgrmnnco  Ehei  r  vtprao  systems  and  how 
lo  90:  fh-y  best  possible  sound  reproducitcn 
is  the  most  compieTift  test  record  ot  its 
kind~soniainmg  me  widest  range  01  shocks 

ever  included  on  one  test  d$c 

Make  these  Important  stereo  checki  BY 
EAR  .  .  fno  test  in* try merits  required} 

*  frequency  response  *  Separation  *  Cars 
ridge  tracking  -  Channel  balance  *  Hum 
and  rumble  1  F I  utter  «  Cartridge  and  Speaker 
Phasing  ‘  Anti -5*el png  Adjustment  *  'Gun 
Shol  Test”  for  Store  a  Su  read  -  Mult?- purpose 
MuEiCiiin's  'A"  *  EquaMempered  Chromatic 
Octavo  *  GuitoMurnng  Tones 

Attention  profet lEomlft,  For  the  ultimate  In 
■tereo  tetUng  7  critical  TEST  EQUIPMENT 
checks  .  .  . 


*  1  OlKJ  Hj-  l4uirTT  to  1*11'  rrjj-.i  pnl  jj-iJ  f-Hjih  ■rpjy.in;,  rfij!  la 

c1  c^anL 

4  SOll  la  2S  (no  F1!  'Pis  if  L*  14*tp 

SirJ'.w***  ian.*-tunu  ie  5flH  Un*iSii*n?  *j  cr  dc4^p 

■  1  r inaai/1  *(HJ  1  Ipil  Uiing.  JOJ  Mf  **■£  A  KC  +1; 

*  ei*ih.50u  *1'jn  £-**£>  Id  jri!.#,  {MI-irLeii  ;  J  J Id]  L)  *t£4f«l*4  1*1 

etwn  irrr 

4  t  tklfl  tlj  ralaranr*  1  .Tp-*'l  J.P  jfpgv*  fcfoolf 

*  J  W  1  nn-a  UK  P'  L.1-*  P  ■  "s-J  1  OiMHl  Pr,1 1 

S-*--1*"  r  'if  l  Uvtllf  in<3  fMI»nKl  4'« 

(J-rdMidfll  Hft  t+1*  I  ni  !■  VL  Ti n  UjiruHl  Tu_i  tjr^if  wi  'If  [F-<t 

O'*1  FQur  0  4^ 


FREE  In*  t  ruction  Mihml  Includes  DeLiilnd 
J iife-C ruction «,  Cliirti,  T&ble*  md  DSifrnmi 


HERE'S  HOW  TO  ORDER 

CASH:  Mill  your  order  atone  with  your  name  id- 
rtren  and  remittance  in  Iher  amount  of  $6.95. 
Re ii dents  of  C*,  CO.  FL,  IL,  ML  MO,  NY  STATE, 
DC  and  TX  add  applicable  sales  tn. 

CHARGE:  To  your  American  Fipress*  Bank  Attach 
card.  Mijvler  Charge  or  Diners  Club  account1  Mail 
your  order,  name,  address,  credit  card  ~  and 
^ration  date  ! Master  Charge  customers  include 
4-dijjPj  Interbank  "  above  your  name).  Be  sure 
your  Signature  n  on  your  order.  You  writ  be  tilted 
at  Sfi  9fi 

OUTSIDE  U.S.A,  RECORD  tS  $8.95. 

ORDER  FROM  STEREO  TEST  RECORD,  CONSUMER 
SERVICE  DIVISION,  595  BROADWAY,  NEW  YORK 

n.  y.  mi? 


POLY  PAK'S  IS  THE  "  BARREL  KIT  KING”  OF  THL  WORLD 


EXCLUSIVE 

^  ^  1i.li.MI  III  I  IkMiiMpIiI 


SURE¬ 

FIRE 

WAY  TO  FIGHT 


BARREL  KIT  ;23ft 
SHIELDED  CABLE 

50-ft.  $1.98 


teaman 

m 


$1.98  ft 

'll  JUKI  C  I  JSiV’  '  Ifni 


BARREL  KIT  :20l  & 

8V  INDICATORS 
w/lekda  f 

15  for  S1.98  V 


.  r»c.  kf.  «ud 
II  kirMf*.  Ml  l 

7  C 3527 


BARREL  KIT  ;1B«  I  BARREL  HIT  7142 
>4‘WATT  METAL  FILM  JUMBO  NED  LEDS 


150  for 
$1.98 


15  for  $1.98 


BARREL  KIT  *144  fl 
RCA  PHONO  PLUGS  A 

40  for  $1.98  & 

1,000,000  HCA  nhtjRo  i>!tjb» 
(or  thi*  ana.  Vou  hl-ft-rr* 
know  wut  lh*7  irr  ,  ,  , 
1004  1[]2H 


(Simimh  Clodkf 

BASIC  KITS! 

Detl«n*d  lor  lfie  «onomjf*m»nBid.  tnetudoi^ 
>11  component*  *xc«pt  for  tramlormor,  cat*  t 
HM  cord.  m  XT 

4  DIGIT  fifaflA*** 

FLOURESCENT 


•  ^57"  Bright  Blue  Digits 

Mow.  oSrtS^  jlS2u  'ri«{ 

CL  N*.  7t37»S  *  OtKU  lh«.«K.i  *«■* 

CL  Mo*  TEH*1  Cmiiiwm"1*  for  Aiirm  OwU.w _ _ 

Same  famous  design  os  our  rfx 
kronos  BEEPIN'  V; 

TIME  MACHINES! 

6  DIGIT  •  BEEPER^j 

ALARM  L' 

$12.95  .  .35"  LED  RED  DIGITS 

' n„d  Ik.  i«  hulld!  «  dl|ll  .U.nlar  fl«*  » 

»p£urvd».  II!  hour  formal,  2<  •»•”**  0^1* 

r;;.,^LS.r.«'r«™»  .»»*»« 

ft  Tsrwsrw 

w3«£..  "■  c„k;«  **?»•>*• 

Mlnhlr,  -rril-  *■*  «tl  f*r  tafnrWAllOfc  kJL 

CAL  MG-  7 1  J7  V  3  •  OlBlt  LEO  .!**«  «!«*  *™*«  UL 

4  DIGIT  D  $12.95  lljjX 

Santr  u  «-•»  ■  Diarr  LCD  •> 

alarm  ixnrK  basic.  «-  -dBWTii  -. 

ejit  wJib  .5*  dlllU.  dkA-  j 

l*j*  k<m»>  mlliWA.  Wra  ■  .* 

llr.kmC  etilUM  ladte« W OffB  C 
win  WL  f  nu.  CL  H*.  7IJT**  LX 

COMPLETE  KIT:  include*  case,  f fansfjymfr 

ind  line  cord,  Cll-  N<».  71-.J507...-  ^ 


Poly  Paki  Inc*  Wait af laid,  Man,,  U.S.A.  1977 

JULY  1977 


BARREL  HIT  ;J7 
1  AMP  "BULLETT" 
RECTIFIERS 

100  for  $1.98 


BARREL  KIT  :17 
LINEAR  *  74^^PIPS 

lOO  for 

$1.98  I'mfMwl 

MnfErj  ju»<*  unrna/krtl.  m< 
.Rin.il  niuntr.il p,  »f  fuw  i*o 
.,rj  .lock,  r...,  7  E  JOl 


BARREL  HIT  El  5 
MOSFET 

transistors 

60  for  $1.98 

-V.I1  I  korlrr.  Tfl-H 

*«•  iIma  I  Ilf  crjirj.ut.it-. 

CLN.7E2429 


BARREL  MIT  n4 
PRECISION  RESISTOR? 

200  for 
$1.98  ■ 

Mulrd  ind  unnurltd  V*. 

Vi.  2  wild  K«7(Rll 


fi  '.n  .|t  n.m* |» . 

CaI.NoJ7C  15*T  100  *  >i>«Nd 


Tamil:  Add  ptutuft  RaUd  :  rvnt  30  l 

PHo«l*  I  Wakfrfidd,  Mw.  (617)  245-382S  1  R  V 

R«t*ir:  IS.  IS  Del  Carmine  St „  WakrArld.  I  ^  * 

POLY  PAKS  tS 

P.O.BOX  942E  LYNNFIKLD,  MA.  01940 


CtfCLt  NO  M  ON  tm  WFOflMADON  CARC 


MINIMUM  ORDER  —  96.00 


7400N  TTUP 

mini 


*4  S*mW  » 

n  yr4MN  >»  shni.^ 

«  2«  w;^74 

'i  8NT40CH  45  SH7Ll7i 

1  5*74*1*  74  l*.m  7* 

23  S*7«3*  « 

«*  »?«■  * 

JJ  5*704*  7»  W4M1 

n  re  sn;r.R? 

J9  9749M  W  SV1WM 

jj  unci™  <u  state 

«2  Hrjin  i®  MT4<aft 

N  W?4tf7i  B 

It  8W4UH  3»  StiUiW 

27  SW741J7*  B  It»r4i90 

JT  9*74173%  »  !)wm» 

25  SK74I7W  40  SV411J 

15  $M74)»4  m  SVi'Sj 

*  S474IE4  1 09  ^,-4‘W 

»  $474136%  «  9*741* 

7%  9741414  I  1» 

75  SKT4IQH  4®  147419; 

T9  SN74143N  4.M  fX’4i9» 

«  84741444  «J0  5A74tr- 

I*  8474MS4  t  IS  Wtren 

7t  6474147%  231  yin.'!* 

»  8N7itJ%  7®  wcv 

JJ  WtJ4i5CH  i  ®  yi74?W 

If  54741114  n  6*r<7» 

X>  W741534  »»  W4Wf 

MANY  OTHERS  AVAILABLE  OK  REQUES1 
2<K  OiKOurr  tor  100  Corpicftjti  ;<O0  i 


lMKCH  to 

LUV31M  11 

LMMlO  J1 

LlMttru  rj 

LIU04K  I  * 

IMJQSH  » 

IKW.'C*  31 

HOC**  100 
'.WDOK*  I  K 
llOftH  I  If 
LWXBk  W 

LMJ I0CH  1  11 

LtlJI M<  9C 

CMJUH  9C 

Lin '  ten  t  yj 
IU31W  1  Jfl 
LUBA.  3  1  M 

UHlTOc  17  1  31 
U417Q4  - 1 7  1  Vi 

LUD04-1S  I  VI 
uuiTot  i  i  a 
UW07  17  1  71 

whom  i  n 
lMS»r  rj  1  n 
LUSTOf  11  t  ?5 
UU320r  i»  1  fl 
L1432CT  ?•  l  75 
LMHJUS  9*3 
1  SO 

LWU»  1  70 
LMVKW  i  1  » 
LW14W  *  1  M 

UUtti  4  t  M 

L44HW  V  191 
lUMK  *S  I  K 

uuloa  i«  t  « 

LttM*  ?l  1  93 

LMJ4&T  i  1  74 

LMJ407  4  1  J1 

L1W3T  4  1  74 

LUMPM?  1  n 
LMIKI  15  |  75 

i*n*:-T  ii  i  a 
lulmot  ?*  *  75 

LVMCW  i  00 
LM3S1C*  61 


LINEAR 

W.  i  rj 

UATtK  1  1  1 

uun% 

1 14377%  I  DO 

LiOK*  IB 

MVtXS  1  05 

LM3IIH  I  79 


WU4  79 

NUHrW  19 

w«e«  »a> 

HtMia  300 

W4«l  i» 

1» 

*HS*  IS 

«»*»  IS 

«1V5W  I.B 

HI 567V  Ijfi 

LUTMCft  a 

IMfWH  n 

UlrtW  3* 

1417106  79 

14171  r%  » 

IUTOH  M 

tUTTX  B 

14I73U  1  00 

LUTON  |  00 

(JW74IOC  39 

1147410%  JS 

144741  I*  J* 

UlJiTh  79 

141747%  79 

LMf«*4  3» 

111744%  3? 

LU1JOB  99 

1441304%  t  <1 

IU1W5M  t  (C 

LUIJO/%  55 

L4IT3IM  :« 


[M1W1N  t  S 

lMim%  1  7 

L14U56C  1 

L.MUW.N  1 

{MIBftf  is 

IMJM11  I  } 

.V7nm  •  i 

itfVafl  f 

lMtW% 
IMJ9CM  f 

_u3?oi  1  : 

iVSiiMl  I  ft 

VC515*.  1  0 

IU75SN  9 

twrwh  l  7 

90146  1  9 

lU.'Vl*  C 

75t‘  Itx  J 

ri*ix*<  i 

rfcQSl  1 

71CS4VN  1 

754#lf»| 

a 

*W94C%  I 

luiMM 

CAJfli  1  ’  i 

^  ?  i 

cavdv  ;  i 

CA%;>’1  1  3 

C43WI  1 1 

000*1  ’  7 

CAW44J  1  l 

CABM  I 

CA>C*i  J  5 

casjc  7  r 

GAS0S3  1  4 

CAW*.  « 

CAJ089  3  7 

tMWl  i?: 


Tlmcband  iy/Mxmo 

—  Watches  — 

Men  s  &  ladtes 

•  Solid  State 

•  Displays  hour,  minute, 
second,  month  &  day 

•  Snap-oul  battery 
repiacemenl 

•  Free  set  ol  replacement 
batteries 

•  Choose  LED  or  LCD 
styles 

•  One  year  factory 


WIRE  WRAP  CENTER 


HOBBY-WRAP  TOOL-BW-630 

•  Batteiy  Oprata)  (Sus  C] 

«  Wetote  ONLY  11  Ounces 
L  •  Wraps  X  AWG  Wire  onto 
%  S undart  DIP  Sockets  4-025  wicAp 
\  Complete  with  ut  and  sleeve 


CHANNEL  JF] 


$159.95 


mmmt>  *t*o  (*rt*nmmxr  rront 

•  Freeze  Action  •  Speed  Option 

»  Aulomalc  lime  and  scoftheepmQ 

•  Barteiv  -tirt  AC  operated 

59  Dual  cnntmh  wdh  8 -way  action 

•  Btflrfvtn  Pro  Hockey  and  Tennts  gvnes 
•  Easy  hook-up  on  any  B/W  or  Color  TV 
•  factory  warranty 


WIRE  WRAP  WIRE  —  30  AWG 

»nmtn  $12$  son  SV95  tOOfiS2  95  100011  SIS  00 
SPECIFY  COLOR  —  Wtirte  -  Yfdow  -  Red  *  Green  ■  Blue  -  Stack 


Channel  F  —  additional  cartridges  —  $19.95  oa. 

#8112  *  Desen  FctuShochno  GaHery  *01 U  ■  Black|ack  (1  or  2  (fryers! 

#8114  ■  Spitfire  0  or  2  pliyerst  *8115  ■  Spaco  War 

#8111  *  Ti-c-Tic  Tcw'ShoDling  Galtory 'Doodle  'Quadra -Dooilte 


in  *j 

•cm  n«d  loir 

Kjn  (Hwn  4)1 

•cm  <tt 

JtDO*  TIRM  4V 


DISCRETE  LEDS 


IM  M 

cm  im  inti 

iCnl  Am  441 

«1M  <ns*w  4|l 

*Ct1»  Oiw*  44» 


Itn  AM 

■CSH  Own 
X»  i*m 
H3»  Tkmqf 

•CiTfi  Ow 


ICB4  Hrt 
CSM  Own 
OSH  »!%• 

XCSU  0<ng* 
r«W  Ch»t 


SPECIAL  *  —  XC556  Red  lOO/SS.OO  1000/180.00  —  SPECIAL  * 

H  DISPLAY  LEDS  ^  - 


S  7  .  ft? 

Hi  C*o4 

V  4  4*10% 

H  c*m»4w»% 

>4  m  CflTW  itogi  gih>i 

H  ri  rymt  4n»%  y^fa- 

HW  Cfirtitrod  JrtMkfflinti 

%  IM  llwiiw  Art«ll  ^ 

H  f|  Cenxu*. 

H  B7  *110(11 

%  14  ten  u>»  CjOvmhW  • 


•owi-i-.  i re 

DffMwa-wjefCi  18.95  ea. 

■Me  irmm  f Wvwn  (Bit  m  l* 

DnJ«  Cw  Ciytui  Mt"  A  AVllllflU 

oaauHNuioa-  us  .re  S9.95  u. 

tPWuoiMJMCi  OW.Y!OoH 

T<m4tm.  %***%«  avAilmli 

Mn  On  Oidn  s— *41  LIDS  me 


nn  roujun  in 

!H  UAM6C)  750  1 

*  WM4H9  Co-rmw  »«*»  B*|  Oc  I  Vi 

100  Direr  brnw wo  »  JOB  » 

«■  DlW  Cem  Cj0«»  300  W 

?1  Dl  70  r 4M  ArtWI  300  * 

1  95  UWMree  CwwiteBN  «D  99 

in  01T4I  (MnIMi  too  tu 

W  Ch  74  Oman  A  no*  SO  i  J5 

W  tH  750  Comwi  tjoioa.  S30  >41 

'»  oil*  CinnwnLmM.  >10  50 

M  iWim  rjnw*  750  7V 

K  n»tnct  OW04r  500  1 00 

i  •>,.  a  id 


HP  5082-7300  Multi-Oipit  Series 

•  V  Hi  •  Common  Cathode  •  Dc  Package 

•  3  to  5  whs  @5  rrats  per  segment 

•  7  segmem  Monolimk  •  Bed  Olspify 

" » JD)d  2°w  *  w 

IPteTM  ](M  M 

.  R™  iSS  i" 


IC  SOLUOUAIl  —  LOW  PROFILE  1T1N)  SOCKEIS 


SOLDEBTAIL  STAKOABD  |T1N| 


SOLOERTAiL  STANDARD  (G0LD| 


WffE  WRAP  SOCKETS  1G0L01  LEWI  #3 


50  PCS.  RESIST0H  ASSORTMENTS  $1.25  PER  ASST. 

reovi*  ijc-mi  u  mu  iiqwu  xv 

ASST.  1  in  77 1*1*1  now  HM  *7f>W  36  OfU  t/4  MT1  IN  u  Ft* 

WWW  I7IHM  1«0MH  Mirwi  «V>XM 

ASST.  2  Im  19SOW  7M0«W  J70  Ml  110 IM4  M  MU  174  Win  5%,  MFC* 

J  4A>QHM  *400*141  (40  OhM  UaOMF  I*  £/) 

C ASST.  3  in  U*  15*  ik  ?t»  f%  iu  win  w  Hiq  “p 


U 

LU ASST  4 

a. 

OOasst  5 


1/1  vrerr  is  s*pcs  2 

> 

174  W4TI  >N  MITJ  (- 


ASST.  8R  Includes  Resistor  Assortment  1  -7 (350 PCS  )  $7.49  63. 


a  oo  MiiMMiffi  ore*  —  u.s.  r***  orey 

C*lit0f*t«  nttidMrii  With,  sehi  I*. 


Sh.tb  -  ZSk  —  Sine  Mi-  Sump  tor  if77*  Cafadoi 
0**»*r  t»KWl  AwtUMi  -  Hayrt  Prldng 


1021-A  HOWARD  AVE.,  SAN  CARLOS,  CA  94070 
PHONE  ORDERS  WELCOME  —  |415|  592  8097 

All  I4iiHIi«4  Pi  leal  OoM  Thru  July 


TV  GAME  CHIP  SET  — $18.50 

tndudes  AV-3-8500-1  emp  and  2  010  mht  crystal  — 
If  purchased  separately  would  cost  S2l  90 


ZENERS  —  DI00ES  —  RECTIFIERS 

TTFi  win  w  fimo  im  torn  w  ma 

1M7«i  r)  450-n  4  1*  iHlfti  100  fT.  3  AMP  1&1  00 

1%7)tA  5'  4.  IOC-  '«44X6  «0  f»r,  t  4*J»  1310 

mrei  5*  4.r».  4,1  or.  *4.44)07  reO0Pr,-»4B#  10100 

1N7W  «  ;  4f Wr-  4-1  or.  IILIW  5C  &  l«1 00 

1N7M  i(  4IA-  4d  50  1N410  75  iQm  l*il 

hbM  « ;  in  e*>  imi$/  33  ton  171  x 

MBUi  1'  4.1 «  IMMI  '5  »n  »-1  » 

IAW3J  5  5  3-XYi.  71  'W/M  3  *  !•  II 

l%«M  fj  71  HMH9  i>  km  H 

ms*  f  •  yo-  r*  iwne  *  s  »■  H 

INM-39  5  <  :0>-  JJ  hum  #  J  t.  » 

1M4S6  4Tr-  IM  30  11*474?  'f  f»  M 

m*A  *s*  II  M  tIMTU  ‘S  t«  M 

iwtv  -K  >>  6/i  dc  mnc  wnv  »jw*  ix 

1W0H  t*v-  IM*  11*116*  MPT/  MAM#  l  FI 

ureoB?  -oup.  twp  u,iK  mires  i to/v,  j&tm  i» 

1*4083  i*wf  in  w  mure  tmfv  jjuio  no 

1*4084  *j:  F-.  t  AVf  3J4  CO  '*1116  CO  Pn.'  J)  j*B  306 


SCR  AND  FW  BRIDGE  RECTIFIERS 

creo  is*  *  4O0v  sen  lire 

cm  33*  -*  ?otr.'  sen  i  re 

7*7129  1  u .?  ftev  sen  36 

up*  ikm  -?*  >*  «r-  rw  iwcGi  tq ic  i  re 

MM  B0  3  1  J*  ra  ICXS  A*  BFtMf  Bf C  1  « 
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POPULAR  ELECTRONICS 


'  c^  CRYSTALS  ST  "  I  MICROPROCESSOR  COMPONENTS 

~ ii-  I-*,.  ™,  .»«  c _ _ _ _ 


iOQQUHt 

4  000MHJ 

5  000  VHt 
lOOOUHi 
14  31818  MHi 
1|  000  VHr 
20  D OOMMi 
32  OOP  MHi 


i. - S&  ^  CPU 

S£  0212  8  Bit  Inputi'QuIjHit 

j5  j5  6214  Parity  tnierruf*  Control 

|4  05  B2JG  Bus  Dimer 

M  M  6224  Dock  Gen^raloi/OffweF 

W  M  C DPI  002  mihi  aw*  rrumal 


51ft 95  3228  Systwn CofltftHei  -  Bus  Drtw  $1095 
4  95  MC6SQ0L  3  M  MPU  35.00 

T5  95  MCS620L  FVnph  Interface  Adaprtar  1500 

695  MC6310AP1  T28  s  B  SlUic  RAM  6.00 

10  95  MC5630U  1024  1  3  Bn  ROM  tfi .00 

39  95  ZBO  CPU  49  95 


®  limeband 

* '  .*■  <•  *fMhiCi%i«iliww 

Digital  Alarm  Clocks 


XB-SWKBHt  529.95  Special  XR  22«M  Ml  $19  15 

-ssa  EXAR 

•f*  W»  UJt)  *  »  .«™  |U 


WtCtlUUHlUS 


CONNECTORS 

PRINTED  CIRCUIT  EDGE-CARD 

156  Spac«0  T0  Doutde  Read-Out 
ftiuraw  Contacts  -  Fits  .054  id  070  P  C  Cards 
15  30  PINS  (Solder  Eyelet |  SI. 95 

tfl  36  PJKS  (Solder  Eyelet}  $2.49 

22  44  PINS  (Solder  E>tfei f  $2.95 

50  tOO  1  IDO  Sp acffiQt  PINS  (Solder  Eyelet}  $6.95 

25  PIN'D  SUBMINATURE 

DB25P  PLUG  S3. 25 

DB25S  SOCKET  $4.95 


TNaD-IVDC  tuututtw  l4dttfoU3i|d^i| 

OVM  ch*  Ml  n  ft»  *  4  LCD  &MAiy  and  opHite*  hom  t  togN  *  5V 

DO*rv  vjw#y 

Itele  cut  como*rtt  wati  dcH  An  opgrul  powtr  Kffl*  «  mUK 
■ftcftitt  noa  m*  imoM  n  ttw  (VTvDviytteiwa®  1 1 7  VAC  optima* 

A.  0-ZV  DVM  with  Case  $49.95 

B.  5V  Power  Supply  S14.95 


EtcbidB  tOts 

32XA-1 

27  X  A*t 

Phjoboards 

5 KT 

aaccv 

mot  1 

P  C  ftrx  Malrum  K 4 
tnqtqyi  tv  5  mU  *9«r*» 

{tCMCBtpl  u 

&wb  i»— an  m  o 

p  pmtfTi  upc  t»m  ittoK  *■* 

UmiU  kte7Mdrtvu«tfi'P*MBM< 
pWtwvd — {cosy  Out  —  awtjtew 
■ate  (Mlia*  and  »w»fl  twWwari 

5  113  a  HI  K  uth  .  v;>.  -uc 

529.95  ea 

S  9  95  «a. 

S  6.95  m. 

519.95  w. 

V«V»v 

1/16  VECTOR  BOARD 

D 1  iwa  stuai  P  rum 

Prin 

****** 

pwa*  l  w 

1  14* 

PMfuoi 

tjputtfme 

i  -i 

tnO’M  UA. 

«ci7'*»r  i 

t 

'Wh  r 

M  »  1 

1  i»  l 

8 

46 

C4 

9 

6  1? 

4* 

HEAT  SINKS 

M5-C8 

lt«  1  1 

Ml  $  .23 

H1-9M  4 

MB*  TO  4 

f  a 

MU-  754 

4HBIt4 

S 1  60 

HEXADECIMAL  ENCODER  19-KEY  PAD 

•  t  o 

•  ABCDEf 

•  Return  Azy 

•  Qpiroom  <tf  -Penod  I 

•  —  Key 

$10.95  each 


63  KEY  KEYBOARD 


$19.95 


JOYSTICK 

,  T*ww  (oyiLeJa  feihim  tout  * 

MmUpmitM.  TTv*i  vary  rt- 
.  Hstanea  proportional  is  iht 

\  angle  of  thot&dt  56jnJrrnft^ 

cMilmctJBfl  -Mirth  pluttei 

tompomrtj  vdy  m  me  m#** 
DMi  jWS  Parted  to  rtteclnxuc 
game*  vc  atetrwttaBtttOft 

se«ihj  *5K  Pots  $4.95 
*1 00K  Pots  $7.95 


Rtmeiu 

5»W 

■«  3TW>  1  « 

•Risep  ik 

a  <*»**  1  JO 

U  H>  *«  ZWCP  J  H 

mu  loos  toon 

j«  rtta  its 

s«  w-m  i  to 

iW  » 

sjo  hsxt  i  m 


C  UB  BwrCtM 
t  MMB  -  {U*r  Can 

S 1 6. 95 


t  Fomm  r<  u(  o»t 
>  it*  iBsri  ■ 


DIGITAL  AUTO  INSTRUMENT 

SEVEN  DIFFERENT  INSTRUMENTS! 

MfYtl  On  EXCEEDS  ORHJIWAL  AUTOMOTIVE  SfEC) 


■KIM] 

Ow  ta  ufom  uu 
tarn  Q«n  Em  cmm 
Cam  G«i 


SPECIAL  REQUESTED  ITEMS 


in*  SPECIAL  REC 

1»  CIHS0#  4?i 

MO  CtMKS  (X 

hmmd  i  n 

M  90  WCM6J.fl  1? 

*B  UCM**! 

to  M’Vt.i’i  »i  •/. 


PARATRONICS 

Featured  on  February's  Front  Cover  o/  Popu/ar  ETectron/cs 


facr*  rtwrflBf  p 

nuaYha  InugwwMny 

TACHOMETER 

1  ^W»NPU 

A  SPEHX5I«TER* 
4(H»  W*H 

\  T  *;  Oil  PRESSURE 

|, WATER  TftP 

■'  C  tc  P-SI 

Be  Oh.  TEMP 

FUEL  LEVEL 

n  ?>. :  f 

3  ^nvK^-rtrjf  Ml 

f.,r-  !-r* 

j  EWTTERY  MONITOR 

*  tt  V0*a  from  i>  1 6  vUC  1 

BRIGHT  YELLOW  ORANGE 

T*l 

l  FO  DeSPtAVI 

•  «vw  um  wwt  mo  a  eatuftPh  —  mnan 

t->b  ^  r?  vat  tea  cao  1 

&-WEKS1CKS  «sin; 

KiT:  S49.95 

■  Lac  $  111  f<.  *  r  1  ■  (W 

ASSEMBLED;  S59.95 

DIGITAL  STOPWATCH 


Logic 

Analyzer  Kit 


•  Aralyjttt  any  type  id  dnjrtai  r,  teT  — "" 

•  Chechs  dad  rales  tn  eicess  a'  3  mAon 
words  per  second 

•  Trouble  yiom  TTl.  CMOS,  0U  ATI, 
Sctrottky  and  M3$  families 

•  DispUys  16  loflic  sdJes  up  to  0  digits  wide 
«  Set  ones  and  an»  displayed  on  yoa 

CRT,  odai  dr  hewdeamat  Iwrrut 

•  T tm  Drcurts  urttei  actual  opefUirm 
COOdilkVte 

•  Eoy  lo  assemble  —  comes  wrtn  step -try- 
whidi  mcfudes  80  p»oe:  on  icgic  anaiy?e( 


MODEL 
^  -J  10DA 
^g5=^"*r$1 89.00/Kit 

"•  Some  ^ppbcatuns  are 

—  TrouWeshodng  mcmprocessor 
address,  mstruction.  and  dad  How 
—  Exanuie  coidents  of  ROMS 
Traong  operation  ot  control  (ope 
—  Ct«ittia  couraer  and  slwd 
register  operation 
Moiuormg  Iti  seguenc^ 

—  VBniyingpfopersyMem  operations 
during  Hating 
step  concoction  rnamaJ 
'  operation 


BUGBQ0K  H  2 

CtHitJnuino  Education  Series  JL  " 

BUG8QCK  t  •  It  ’B»»c  concepts  ot  TTl  Lope  —  over  90 

ewenments  $17.0QJaM 

BUCBOPK I  la  -  introduces  UART  —  rrHjmnwHJed 

(or  RTTY  enttmsiast  SS  OO  lwok 

BUCBDDK  III  •  ExpkKtt  BOBO  efilp  —  irdroOuco 

Mark  80  MioocompuMr  Il$,(n/tMo1t 
555  TIMER  APPIICATIDNS  SOURCEBOOK  WTTH 
EXPERIMENTS  —  over  100  design  techniqucf  SB.ISrtoaA 
CMOS  M  DESIGNERS  PRIMES  WO  HANDBOOK 
a  compute  CMOS  rstrudlcn  manual  IS  3D 


ntradudoiy  ■'*  t  jn  b  r  iworm  5^  j- 
SPECIAL  ■»  542.95 


.R'.jtaeti0iU3(M«a 
« t"W  te  M  M  S4  HCBUt 

«  Cryvta  CeocBUtf  TUTU  IMI 

•  1»W  SUMRrn  *  Dot 

tm»  iMfrtwii-tH  a  Tiu 

*  Ml  I  5  if  15  I  W  mwai 
«  Uw*  J  PPM«*  C«« 

XU  —  S39.95 

Assembled  —  $49.95 

Huty  Duly  Cany  Catt$5  S5 


Stop  Walt*  Chip  Only  (72DS)  S19.K 


ELECTRONIC  PENDULUM1  CLOCK 

.  ■  Swing  Penmdum 

•  7"  Horn  and  Mmuta  Display 

•  12  or  24  Hour  Mode 

•  Time  Set  Push  Burtons 
■  Alarm  Feature 

Hjt-uftf  meshed  S».» 

(cau  unassembled} 
Assembled -s  tamed  $C9.«5 

~ —  lease  assembled} 


QUARTZ  DIGITAL  AUTO  CLOCK 
OR  ELAPSED  TIMER! 

Qaptt4  Timer.  Hn  Mu  ua  Sica 

If  IT  24  Hr  CiaUHy 

Sliapli  R*»«1  •  Stjrt  PuikbitUa 

Cetfnrt  j 


uw  i  LCD  l 

*  pVT  TO 


wt  $».» 

Ammbted  S39.*5 


JE700  CLOCK 


CONTINENTAL  SPECIALTIES 

PROTO  BOARD  6  Otfwi  CS  Proto  Board*  Pfli 

$15.95  P6100  4  5  .O’  $19.95  14  PIN 

Ifi’  long  X  *  wide)  PBW  -  5  i"  a  4.5  29. 95  16  PIN 


P9100  -  4  5  «  6"  S  19.95 
PB101  -5  0  a  4.5  29.95 

PB1K-r*4J  39  95 

PSKI3  *  9‘  a  6"  59.95 

PSIW-OS-aB'  79.95 

P6203  9  75a6^K?»i  75.00 

PE203A  9  75x6^*2^120.00 

pemm  UrtT|l 


Logic  Mom  lor  S8J  .95 

•  r'.  nn  m  cwqs 


PflOTQ  CLIPS 
14  PIN  $4  » 

16  PIN  4  75 

?4  PIN  B  50 

DESIGN  MATES 
OMi  -Grcud  Designer 
54.95 

DM2  Function  Gneraicr 

95 


$17.95 


QT  PROTO  STRIPS 


t  .hinrajp  Vt  u- 


t$.0«  Mnlmun  Ordir  -  I  S.  Fonda  ttalr 
Calltemu  A«K«J»  -  tm  Salt!  Tu 


9Tt0a  fWIh  pmet 

orw  M  TJSB 

nr-SM  ?» 

ours  *»o  io  oe 

CMH  Ivt  U+W 

err  m  jsi  aw 

DTua  euiitm  i « 

UT  MS  in  *  n 


rOCO  5  5  951 
t«*D-  tfiC  SID  36 


S*«  UN HU  -  »C  -  Stud  35r  Siam#  tot  1}T7A  CaMog 
Oulaf  OuwkjI  Anlkktf  —  fi»euril  Prlciae 


■ 


ELECTRONICS 


1021  A  HOWARD  AVE.,  SAN  CARLOS,  CA.  94070 
PHONE  ORDERS  WELCOME  —  (415)  592  8097 

All  AWiulftad  Prfcu  Good  Thr«  Ab»t 


DIGITAL  CLOCK  KIT  —  3Vi  INCH  DIGITS  1 

4  DIGIT  XU  $49  95  4  DIGIT  ASSEMBLED  S59  95 

0  DIGIT  KIT  $69. 95  »  DIGIT  ASSEMBLED  $79.95 

TNi  etoefc  fialuiM  bg  W  hlgf)  iqb  bneumg  n  MBtw.  wMMMi, 
Me  Eadi  4pi  a  tofmad  by  31  bri«M d.r  LEO’l  lit  PM  openM  *om 
117 VAC,  tea  tatter  U  w  24  hr  KMa  Tte  »«g4  wtteaa  7T  i 
j>t  T ih  ifid tte 4<uoa S tr  1 JH  I  14  Ktecmo tevteWMb 
0  componwui.  ctu  and  uinwwmu. 

IpacAy  II  *r  ft4  Hoar  Mu  Ortartag 


JE803  PROBE 

— FT**e**i »  <a  Wimam  Wer*)  *t*  hTtwri  _  * 

*if  DU  OTi  cues  U  Crrsn  Ob  pnwr-  t  .  I^jgm  • 

w  mpm  tef  W  e**  tNwr  w  - 

i«*  a  "**  1«*n**W 

'o'mkmui  tn*  a)  RrWwug  i‘r«--  't 

$9.95  Per  kii 

->  «mi  te  «w«  j'  vrrt  «  o nmt  **»*or  ,  , 

*  rrue  pnnidd  circuit  board 


PL  5V1A  Supply 

th»  4  j  «PU9  m  (mw  HMter  »•  pW  Wbr  I 

7p|R  I  rn  \Ti  b  r vH  imp  MiVftvlr  V 

gM  1  Mfyew^TvamemBatamei  w##(tewo*w  f 

«Xli  »- f  $9.95  Per  Kit  y 


JULY  1977 


DRCLE  M0  25  ON  FREE  INFORMATION  CARO 
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REAL  ESTATE 


BIG . . .  FREE , . .  CATALOG !  Ovor  2,500  lop  values  com*  lo 
cowl!  UNITED  FARM  AGENCY,  612-EP,  West  47th,  Kansas 
Qty,  MO  64T12. _ 


RUBBER  STAMPS 


TAPE-SLIDE  SYNCHRONIZER.  llp-diSfiolve,  mulllpro* 
jeclor  audiovisual  plans  $3,50,  Free  Catalog.  Millers,  1896 
Maywood,  South  Euclid.  OH  44121. 

BUILD  ELECTRONICS  DEVICES  In  your  homo.  Got  started 
in  your  apart  time.  Big  Profits  —  Experience  not  neces¬ 
sary.  Write  lor  Iree  literature  telling  how.  Electronics 
Develop  Lab..  Dept.  D,  Bo*  1535.  Pinellas  Perk,  Fie.  33565- 

PLANS  AND  KITS 


AMAZING  ELECTRONIC 
PRODUCTS 


I  users  Sima  roetHEB  *ifit  pistol,  pocili  s cc  p«o  I 

|  TECkWCAl.  DE  fiUCtidC  UNCtAMBLCIS  6UKI  I£SLA  SIUNWMID  IT  I 
I  OUJlbPtER  l NltCr  F*OOUC  KG  SCUMtrtC  DETECTION,  ELICltlFTWC.  I 
I  CHEMICAL  UilUSDNIC  CB  AIRD  4UJ0  AND  VECH  OEWCEI  HtfKOtlDS  I 
I  MOW  AIL  NEW  PIU5  0170  URLtD  PJtlS  ANnCI 

INFORMATION  unlimited 

UOC  Si  Bqi  i?i  l«e  Jctfcry  P l  •  JMiml  N  H  0)0)1  I 


RUBBER  STAMPS.  BUSINESS  CARDS,  Many  new  prod- 
ucts.  Catalog.  Jackson'i,  Dept.  K,  Brown avi lie  Rd.,  Ml. 
Vernon.  III.  62864. 


DO-IT-YOURSELF 


MODULAR  TELEPHONES  now  available.  Seta  and  com. 
ponanta,  compatible  with  Western  Electric  concept.  Cata¬ 
log  50  cents.  Box  1147W,  San  Diego.  California  82112. 
MODE  8  —  8  channels  TTL  on  ANY  scope  plus  triggered 
memory  logic  probe.  Kil  852.50;  plana  *5.00.  SASIX,  1067 
Seneca,  Bethlehem.  PA  16015. 


POCKET  COLOfl/BAR  GENERATOR  kit,  16  patterns, 
*49.95.  Plans,  $4.95  Workshop.  Bo*  393PC.  Bathpaga, 

New  York  11714. _ 

FIVE  OCTAVE  Touch  Sensitive  Electronic  PIANO  Kit. 
Components  *245  airmail  U.SA,  Canada  Clef  Products, 
31  Mountfield  Road,  BramhiH,  Cheshire,  England. 
CONVERTER  KIT:  Two  meters  to  AM  Broadcast.  $8.95  ppd. 
Send  stamp  for  flyer.  Electronics  Hobbles.  3421  Hawthorne 

Rd.,  Gainesville,  FL  32B01. _ 

FORTY  CHANNEL  CONVERSION  Kil  Ills  ell  23  channel  AM 
rigs.  40  Plus,  11301  Melody  306,  Northglenn.  Co  tar  ado 
80234 


AUTO  BURGLAR 
ALARM  KIT 


KITtALR-1 

$9.95 

•ALR-1WT 
WIRED  & 
TESTED 

$19.95 


AM  CAST  10  *U( Mill  AM0IMT  TO  INSTALL 
ALARM  IWOVtfiiNa  MANY  FEATURES  MOT 
NORMALLY  FOUNO  UHCU  ALARM  MAE 
PROVISION  FOR  *09  A  GROUNDING 
SWITCHES  OR  SENSORS  HYl  PULSE  hO*N 
RELAY  AT  1«I  RATE  OR  DWvt  SiRIN  HIT 

rrowms  moomuv*«l{  time  delays 

FOR  HIT.  ENTRY  S  ALARM  PfRtOO  UMlT 
MOUNTS  UNOfR  CUSH  REMOTE  SWllCM 
CAM  •(  MOUNTED  WHERE  DESIRED  CMOS 
RELIASM1TY  RESISTS  FALM  ALARMS  t 
WOYIMI  FOR  ULTRA  DEPENDABLE  ALARM 
OO  NOT  SE  FOOLED  ST  LOW  RWCIS!  THIS  IS  A 
tor  OUALITY  complete  KIT  WITH  all  PARTE 
WCU/0*NQ  OCT  AILED  DRAWING!  ANO  IN 
STAverOMS  O*  AVAILABLE  WtflfD  AMO 

HITtO 


IIWSILS  LEO  CLOD 


12  OR  24-HOUR  OPERATION 
12  VOLT  AC  or  DC  POWERED 
SIX  LARGE 

.S'" 


PROM 

1 702 

E  Prom  SB. 96 

5203 

E  Prom  IB  S5 

JUMBO  DIGIT  CLOCK  Kit 
A  complete  K,i  Hess  Cabinet! 
featuring  six  5  digits.  MM&314  t£ 
12,24  Hr  lime,  5#  60  HZ.,  Pta0- 
Transformer,  Line  Cord.  Switches, 

and  all  Parts.  (Ideal  Fit  m  Cabinet  III. 

•19”  2/'38.| 


JUMBO  DIGIT  $995ea  DlSCFtE1 
CONVERSION  KIT  LED's 

Convert  small  digit  LED  clock  to 
large  5"  displays  K«  includes  6  -  5"  JUMBO  he 
LED's,  Multiple*  PC  Board  ft  easy  Jgj) 
hook* up  info 

Kit  *  JO  ICC  For  common  Cathode 


CABINET  I 
3"H.BV,W,5J4"D 
CABINET  II 

2tt,’H,5"W,4"D 


PLEXIGLAS 

CABINETS 

Great  forelocks 
or  any  LEO  Oig iter 
project.  Clear-fled 
Chassis  serves  as 
Bezel!  0  Increase 
contrast  of  digital 
displays. 

Black.  Whits  or 
Clear  Cover 


rnrnnn  P*  technology 

FREQUENCY  COUNTER  Kl 
•URGE  4;  R£0  IS™;' 

*  tniljr  “Star*  ^  *JIAl  T,ME  BASE 

lhTOOflh<^,,  “*"«•'  “""B  qu.% 

TOP  •^^^B'NWRUCRORS  XTAL 
BOARD.  ICS  Wl  S2SS?  .  DOUBLE  S^EOlk 

®«ssbm?^d  au  partI 

mbs 

“SS«|K«caleJk.t 

PfESCALERj  H°USE  #FC 


„  HZ. 

XTAL  TIME  BASE 
Will  enable 
Digital  Clock  KU* 

ofClock-Caiandw 

Kits  to  operate 

IfomtZVDC. 

1“x2"PC  Board 
Power  Req 
(2.5  MA-  TYP.) 

EMya*«ehookup 

Accuracy 

T0-1  lAdiuStabtel! 

(0fnplfite  Kil  •4'* 

Jlr  SCAIS9.91 


DlODES^^fl! 

IN  4003 

U.100PTV  12'*HXiBI 

IN4O05 

i a,  ooo pi v  n.iMuB 

IN  4007 

1A.1Q00P1U  10  *1  00  H 

InfcuriER  2SA.1000PIV  *>ai  co  ■ 

1  IN«14 

Sll.SlGNAt  KVS100  ■ 

W414B 

SIC  SIGNAL  SO/tVOO  ■ 

|  DtAC 

21V. 

4rsi  oo  | 

HT  OtGITAL  I 

pc  trimT 

1  CLOCK  iC’i 

POTS  ■ 

I  MW  531? 

*  496 

75K  6  51  00  ■ 

luuut* 

3» 

4  7K  E  SI  CO  fll 

ImmSJTSAB  3  96 

SPEC  T  ROL  ■ 

1  PlOI 

7  96 

(OKlflTUHN  ■ 

JCT  7002 

1396 

9Se 

J  MM  5369 

2» 

4/tlOO 

VARIABLE  REGULATED 
t  AMP 

POWER  SUPPLY  KIT 

•  VARIABLE  FROM  4  10  14V 
e  SHORT  CIRCUIT  PROOF 

•  723  1C  REGULATOR 

•  2N30SA  PASS  TRANSISTOR 

•  CURRENT  LIMITING  AT  1  A«p| 
KIT  IS  COMPLETE  INCLUDING 
DRILLED  4  SOLOER  PLATED 
FIBERGLASS  PC  BOARD  ANO 
ALL  PARTS  [Lass  TRANS¬ 
FORMER)  KITtPS-01  14  95 

TRANSFORMER  24V  CT  will 

previdi  3COM  A  at  12V 
1  Amp  at  sv  with  9P5-01  13 .50 


SC  T  or  6  FND  run 
WUN  MUlHPlfX  PC 
BOARD  696 


RED  OR  GREY  PLEXIGLAS 
3M*6Mx1/8" 

|  FOR  DIGITAL  BEZELS 

95taa  4/*3 


^^JVEniESTOSTART 


pARTs  LfsS 

•FC-SO  *80.95 

•PS-62  $g  g5 
•PSL-350  23  q!  I 
•PSL^SO 

«><££"!!'  ,19‘w 
fPS-02,  AND  A 

JN  MAY.  1977 


Fairchild  Super  Digit 
FND-359 

-4"  ChW.  Ml 
7  iffwt  LED 
PCD  Cam.  Cath, 

Dlml  pie 
rtflmowu  fv 
1  papul FWD-70. 

95/  ea,  10/58.50 
J00/$79.QQ 

MO  LEX 
PINS 

\Fotrn  imxpctnm *  1 
Sockttj 

100  for *1.25 
R»bI  of  tOQO  • 


25  AMP  BRIDGE 
$1.95  ea. 
3/S5.00 

IDOPIV 


NYLON  WIRE  TIES 
B"  TIC-WRAP  1!»tt96 
4  Tt€  WRAP  KXU417S 

1C  SOCKETS 


ORDER  BT  PHONE  OA  MAIL 
COD  ORDERS  WELCOME 


Orders  Under  *1$  Add  *100  Handling 

Fll  Rev  Please  Add  4%  Sales  Ta* 


PINS 

1-24 

26 

100 

9 

1  25 

f  22 

1  20 

14 

25 

22 

20 

n 

n 

25 

23 

19 

31 

2B 

26 

24 

SO 

45 

40 

28 

60 

55 

SC 

40 

75 

70 

» 

% 

iifdfik 

jEHlLKCTHONICS,  INC. 


SOX  219  •  HOLLYWOOD.  FLA.  33022  #  (305)  921  2056 


WEPAY  ALL  SHIPPING  IN  CONTINENTAMJSA  —  OTHERS  ADD  5%  (10%  FOR  AIRMAIL) 

CIRCLE  NO  35  0«  fRH  W0RUATI0M  CAfffl 


MIXERS  —  Preamps  —  Speakers.  Top  Quality  Kits  — 
Plans  —  Paris.  Send  25  cents  for  catalog.  Audio  Dasign  & 
Engineering  Co..  P.0  Box  164,  Lee,  Maes.  01238.  (413) 
243-1333. 


TIGER  SST 
SIMPLIKIT 


THE  DO-IT-YOURSELFER 
NOW!  a  high  quality  CD  Electronic 
Ignition  System  in  kit  form. 

Contains  alt  components  and  solder  to 
build  complete  Solid-State  Electronic 
CD  Ignition  System  for  your  car,  As- 
sambly  requires  lass  than  3  hour*. 

■  IncfMMt  MPG  IS*  *  Eliminate* 4  of  5  rune-ups 

•  IncrmaiM horsepower  TS%* Instant  starting,  any 

•  Plug  and  Points  last  weather 

50,000  miles  •Dual  sysiam  switch 

Fits  wtiy  12  wit  neg.  around  Only  S21.95  postpaid 
*l7f-Star  Corporation* 


P.O.Box  1727  Grand  Junction,  Colorado  81501 


FREE  KIT  Catalog  contains  Test  and  Experimen¬ 
ter’s  Equipment  Dage  Scientific  Instruments, 
Box  1054P,  Livermore,  CA  94550. 


<3>UIER5I  KITS 


Organs,  Pianos  Strings 
Rhythms,  PA  Systems 

104-page  catalog  $2 

WERSI  electronics,  Inc. 
Depi.A2,  Box  5318, 
Lancaster,  PA  1  7601 


EMPLOYMENT  OPPORTUNITIES 


ELECTRONICS/AVIONICS  EMPLOYMENT  OPPORTUN- 
ITIES.  Report  on  Job*  now  open.  Details  FREE,  Aviation 
Employment  information  Service,  Box  240E,  Northport, 
New  Yortt  11768. 

OVERSEAS  JOBS  —  FANTASTIC  PAYl  All  Occupation!. 
Computerized  Report!  —  S2.00.  TRANS  WORLD.  Intarna- 
llonal  Airport,  Box  QOSQ2-N.  Loa  Angela*,  Calif.  90009. 
ROCKY  MOUNTAIN  JOBS!]  Colorado  -  Idaho  -  Montana 
—  Wyoming  1 1  Free  detail!.  lntermounlain-S7.  300  Dundee, 
BoUa.  Idaho  83708.  _ 

MISCELLANEOUS 


WINEMAKERS  Free  illustrated  catalog  yeasts,  equipment, 
Semple*,  Box  12276F,  Minneapolis.  Minn,  66412. 


1977  COMMUNICATIONS  HANDBOOK 


Everything  you  want  to  know — need 
to  know — -about  C8,  Ham  Radio, 
SW  Listening,  Police-Fire  Monitoring, 
Marine  Radio,  Features,  specific*' 
tions,  latest  prices  and  photographs 
of  equipment  on  the  market  are  at 
your  fingertips.  Order  your  copy  from 
Communications  Handbook,  Consu¬ 
mer  Sendee  Division,  595  Broadway, 
New  Yoifc,  N.Y.  10Q12  Enclose 
$2.50  (SI. 95  plus  55c  for  postage 
and  handling).  Outside  U.S.A. 
*3.00,  postpaid.  Residents  ol  CA,  CO.  a,  IL,  Ml,  MO. 
NY  STATE,  DC  and  TX  add  applicable  sales  tan.  Posts ga 
and  handling  charges  non  taxable. 


POPULAR  ELECTRONICS 


SOLVE  YOUR  TEST  CONNECTION  PROBLEMS  WITH  EZ-HOOK 

E-Z  Hooks  have  been  designed  and  field  tested  throughout  the  industry  to  save  time  and  money  in  commercial  electronic  production  and  servicing.  The 
spring-loaded  hook  attaches  firmly,  yet  so  gently  it  will  not  damage  component  —  frees  hands  while  testing.  Durably  constructed  and  fully  insulated  to  a 
single  contact  point  assuring  true  readings.  Meets  exacting  laboratory  and  space  age  computer  technology  requirements.  AVAILABLE  IN  10  RETMA 
COLORS:  Red,  black,  blue,  green,  orange,  yellow,  white,  violet,  brown  or  gray. 


EXTRA  LONG  MINI  HOOK 

JCL-T  Mini  Moo*  i  4  0  kina]  comblnn  ill  r*'*  n'Ovan  (Hhirn  of  tfr*  XlOO.V 
with  an  antra  long  body.  If  will  mafca  u«*.  Viorr»free  mt  connection*  In 
c**d  ra*-h*  «iod  rtifOuQh  e»*fi  wiring  nnt  up  10  A"  ,  -S1J25  < — 


ORDER  Pm  XU 


Jumper  wtth  X-100W  Mini  Hook 
Order  Mo.  Length  Price 

mt  vu »  «'■  ci  in 


XM  Mtoo  Weak  II  .7BT  lane  <  1 
iew  Afftekill  IC  Tam**  FerrfHO  kMk«( 
ia  btHcata  w***  ipuhw  mrt  t*v»*- 

mq*  mat  «W"-*P  cWuPwM  S-BO  ■*- 
S0ar.lV  t <*<K  OMOER  PIN  XM 


MINI  HOOK 


JUMPER  WITH  ’  — 

XL-1  MINI  HOOKS  a 

304XL1-24 


JUMPER,  Xt-1  MtNI  H 
BANANA  PLUG  Qn 

Specify  color  201 


l  -34  34" 


K  TO  STA 


Order  No. 
201 XL-1* 


Ximpti  X-100W  Mini  HeoV 
to  Stacking  Banana  Plug 
Order  No.  Length  Prlc* 

2011W  37  »1  as 


noon  Mjm  o 


I'jyjKl  LLjril  m  rvilur,  Me  Mid 

r<ng«'«r*  *<,[«»  Action  *i  the  w»t 

tn  1  conn*r!iwii  Hd*i*  *  iw» 

«(n  «mipc>n*ni  '**Lti  r*i  tune*  enough 
IO  >*lp  l-*U  plgret  *78  M, 

St ORDER  HH  XI DOW 


*  'SgilWf  hot*  f ip  for  hooking  Sataraity  fo  itadi  or  wrVcalty  over  itjunre  wire-wrap  pu ti 


0R0ER  YOUR  XM-S  MICRO  HOOK  SET 
m  TODAY)  (Include*  1  bi.  r*d,  black,  blue,  green, 

[  ||C'  orange,  yellow.  white,  brown,  riolot  aid  gray 
I  Micro  Hook].  At  this  low  prict  you  can  afford 

m  more  than  on  a  sat. 

COMPLETE  SET  (10)  MlCHO  HOOKS  -  $7,96 


CONTINENTAL  SPECIALTIES  CORP. 


loidar,  Sna©  together  to  form  twaadboortl  needed. 
PN/Ducflptloo  Ttrmliwll  Price 
OTG0S  Socket  118  $12.60 

GTSftB  Bui  20  2.60 

GT47S  Socket  94  10.00 

07478  mn  16  2-26 

QT3SS  Sock* i  70  8-60 

OTlSOBtn  12  2-00 

OTISS  Socket  36  4.7S 

GT125  Socket  24  3.7S 

QTBS  Socket  IB  3.25 

QT7S  Socket  14  34*0 


cnrvcTc  a.  d.icctdioc  PROTO-BOARD  UNITS  The  Sold.rlaji  Bread  boarding  Sy*twn 

BUCKET  5  Bt  BU!>  5>  I  Kiri  That  Sava*  You  Hour*  On  Every  Project  LOO  1C  MON  I  TOR  1 

Plug -in.  wire.  l**l,  modify  or  expand  without  Patch  corth  or  j  Lika  our  QT  lystern,  Proto- Board  umi*  lat  you  aiatmfelf,  tetl  and  modify 

uaider.  Scao  together  to  form  breadboard  needed.  circmn  literally  at  fan  at  you  can  think.  Rugged,  heavy  duly  CMUtructlon  Simultaneouily  dfcptey* 

r-i  r- — — l  for  uta  in  engineering  teborawjriia,  In  educational  fnatitmiom.  on  production  uetfc  dynamic  logic  Mete* 

PHraeaeription  Termioale  *>  *  f  tnw.aic  I  of  DTL.  TTL,  HTL  or 

SIS^^****  1JS  I  -I  PROTO-BOAHOB  KIT-Complata  UttPrlca . S1B.8B  CMOS  DIP  1C*.  Poekai 

,**"  *  Qna  pratMamblad  QT-49S  epekvt.  two  pramambiad  QT-478  bu**trlpe,  four  iLae . $74JW 

QT47S  Socket  94  10410  ;  tour  6-way  binding  EHHti  end  ill  herdwine 

IS  oS  It  •  PBOTCHBOARD  lOOKIT-Compiere  Lilt  Price  .  *19.96 

QTjSS  Socket  70  B.nO  I  r|b  .  Tuva  Of ■»t*emci»<3  OT-3JS  eocketi.  one  D/tetumblrt  QT-30B  b«lttrN»,  Wrt 

OUSfl  Bui  12  7-00  I  s-w»y  binding  ooia  <ntf  m  lurdwert.  LOGIC  MONITOR  2 

«  ill  HI  PflOTO-BOARD  101-Comploia  LtatPrka  . 

2lI25,S,oat*T  Fully  auamhlad  braadboard  centalm  QT-3SS  eockata  ana  roar  QT-3SB  Diu»layi  uatk  and  dynamic 

QTBS  Sock* I  IB  3.26  I  ■»  but  rtuert  nwwrud  on  mate!  flrOv-iflAr***  edit*  with  non-marrinR  feat.  iMm  A|  HiAMl  ICiuichM 

OT7S  Socket  14  3410  £>  £7}  tarttlant  far  *u*ta  end  email  digital  pm|act..  _ SSSs  HTUTTL*StlS 

PROTO-BOARD  102-Compleie.  Lift  Price  .  ■  ■  •  ■  ®3*;9fi  RTL.  Selected*#  threshold 

Fully  NHmbie<9  oraadooero  contain*  two  07-475  eotkan.  thraa  QT-479  bu*  tiu  K 

■trip!  and  ona  OT-3&B  bui  strip.  IkmUmI  for  inrermadiate  digital  naad* 

PROTO-BO  ARC  103- Como  MM  LHt  Priea . *B9.»6 

Fully  aeiamblad  breadboard  contain*  thraa  OT-ftSS  uvekats,  four  QT-WB  <*mi 
on*  DT-47B  but  ftrip*.  plu*  Itrur  4— w*v  binding  DO*U  Build  calculator*, 

Imarfaca*.  natwork*.  ate 

PROTO-BOARD  Itt4-Camat*t<  UltPrlca  LOGIC  PROBE  LP-1 

Fully  awamwad  bra*dbO*rd  cant*  n«  <bur  QT -S*S  »oek*ts.  s*van  QT-S09  bu* 

»irlp*  and  lour  5-«av binding ooit*  eultdaCPU.encbdar,  eoanpln  drialav.ate.  —^^3 

lin  trnm  PROTO-BOARD  203-Comdlata.  Utt  Prle#  ■  ■  •  •  >  .  *  -  _ 

•dt  od  trom  Fr0to_flO4rd  pm  bullt-J^>  IX  regulated  B  VDC.  I A  kuDo'y,  7290  w  ^ 

All  th*  featura*  of  m*  PB-203  Dlu*  additional  power  supply  (letifclilty:  two- 
4  50  vide*  1%-feguiatad  9  VOC  iupb(v.  regulated  mrarala  M9  VDC  and  -IS  VDC 

O.BA  suppllat.  each  vekth  rntamally  and  lnd*p*rvd*nrJy  ad|uitabte  Output  - 

e_I  uoltaga.  rrppl*  and  ndlaaot  +  and  -19V  suppllai.  10  mV  at  0.7BA.  _  _ _ _ .  _ 

*dld«H»u  tia-oointe.  twenty  -tour  14-pln  dup  eapaelty.  n 


Simultinfbuily  display* 
link  dynamk  logic  i talas 
Of  OTL,  TTL,  HTL  w 
CMOS  DIP  IC*.  Poekai 
I  Mm . .  .  *74^6 


LOGIC  MONITOR  2 

Da©  I  ay*  uatk  and  dynamic 
itat«  of  digital  IC*  such  a* 
CMOS,  HTL,  TTL,  DTL  & 
RTL.  Selectable  threshold 
control  ......  $114.16 


-sr-fc-ftSH 


RESISTOR  KITS 
S%  CARBON  FILM 
RESISTORS 


CARBON  FILM  RESISTORS  1510 
Onff  ia  Mat  dpi  as  ot 
100  pa  par  ra/ua  (ohmi) 

1LW ...  $  1 .99  pm  100 
HW . . .  *1,79  pm  100 

10  100  1.0K  10K  IOOK  1.0M 
It  110  1.1  K  11K  1 1 0K  t.tW 

*2  170  I2K  12K  I2QK  1 ,3M 
13  130  1  JK  t3K  130k  t.JW 

16  160  1.5K  ISA  160K  I.5M 

15  ICO  t.6K  16K  1C0K  I.CM 
IB  100  1  &<  1BK  180K  10M 

20  300  3.0K  2 OK  70tiK  3  0M 

23  230  2  2*  22  K  270K  2  2M 

24  240  2  4K  24K  2*0K  J  W 

27  220  7TK  27K  270K  !  7M 
10  300  3. OK  30K  300  K  3.0V 
33  330  3  3K  13K  330K  3  3V 

30  350  3  OK  30K  360K  3  6U 

39  390  3.9K  J9K  390K  3  OM 
43  430  4  3K  43K  «OK  4  3M 
47  470  A.  IK  47K  470K  4  7M 

51  510  B  IK  51 K  51  OK  4  IV 

50  560  6.6k  56 K  560 K  5  C’/ 
02  620  6  2K  67K  630K  G  2M 
OB  BflO  6.8K  69K  6S0K  48V 
75  740  ?.5K  75K  360K  7  5M 

03  B 70  9  2K  &7K  020K  8.2W 
91  Qto  9  IK  91K  01  OK  ft  1M 


RESISTOR  ASSORTMENTS 

EKh  Mioriminl  contalni  5  be*  avaeli  at  10  dillfrint  riktH 
Vaiua-i  "included  ar«  lhwrn  >n  |0»un»! 

54W£%  (BO  pc*  loteO  .  *1-75  /  ISO  pc*  tat*IL  *1.B& 

Ajj,  1:  to  12  15,  1 H.  22.  'll.  33,  30.  47,  54  min' 

A«l,2:  63  67  100.  1 20.  150.  ifiO,  220,  270.  330.  390  a* m 
AlltS:  470  560  «H3  820  ohrn.  IK.  «  7K,  1  5K.  1  OK.  2  2K.7  7K 
A»t.4  3  3k  3  B*.  4.7K.  B.9K.6flK,a^K.10K,  13K.  16K.  1CK 

A«t3:  33K.  27K,  33K.  »K.  47K,  54K,  ttSK,  S2K,  100*,  130K 

A*ft.S:  IftQK.  180K,  72OK.27OK.M0K.  »0K,47OK  .M0K,M0Kr 

92CK 

Awt.7  1M1tJM.1J5Wt1JM^.3M>a,7M,3^»4J.aM,4.7M.0.ftM. 

I  :-)W  Auorinwnf  N*,7  dowt‘1  Include  5.6M1 


COMPLETE  WITH 

storage  bin 

1/4  WATT  KIT 
42  Different  V#luw 
rSRGio  4.7  MiO 
20  Each  Value 

1/2  WATT  KIT 
42  Different  Valuai 


I  PROTO-BOARO  203A-Complata  Cht  Frlca 


4.  MATSUO 

R  DIPPED 
I  TANTALUM 
1  ‘  CAPACITORS 

MF  V  ■$  MF  V  $ 

,1  35  33  Qil  16  .40 

16  35  33  6  a  35  .44 

22  35  33  10  0  16  47 

33  35  33  10.0  35  45 

.4?  35  33  10.0  35  .00 

68  35  33  15  0  20  45 

1  0  35  33  16  0  39  1.37 


40  47  O  20  1  .S3 
4?  63  0  1 5  1 ,62 


PLESSEY 

POLYESTER 


LPAC1TOR]  1 

O' 

MINI  BOX 

MF 

V 

t 

MF 

V 

$ 

DPI 

1  ooo 

14 

038 

760 

.16 

0017 

1WX> 

14 

047 

750 

.16 

.001 G 

100C 

14 

Oflti 

250 

.15 

ooi  a 

1000 

.14  1 

,06* 

750 

.15 

PC2  2 

1000 

.14  . 

,082 

250 

17 

DO  2  7 

lOOO 

14 

1 

ioa 

17 

0033 

1000 

.14  > 

12 

100 

18 

.0039 

630 

14 

.16 

100 

.20 

0047 

630 

.14 

.11 

100 

J! 

0056 

530 

.14 

.22 

IDO 

23 

0066 

630 

.14 

.27 

too 

.26 

0083 

636 

,14 

.33 

100 

.30 

01 

630 

.14 

3ft 

100 

33 

012 

030 

.14 

.47 

too 

34 

015 

400 

,16 

.66 

100 

.44 

oia 

400 

,15 

.60 

100 

.47 

022 

400 

.15 

Ml 

too 

54 

.037 

400 

.15 

1,0 

100 

.60 

.032 

250 

IS 

5ANKEN  Sar»«  *1-10000  amp*!fien 
era  *tif -contained  power  hybrid  ■«- 
pilian  d«rgbed  Iftf  Hi-Fi,  ntrop, 
muttcal  in*lrvment*.  puW*C  addrm 


Tba  amplifi***  have  otjan-ajmpie- 
mantary  clan  B  oulpvl.  he  circuit  RIGHT 
employ*  flip-chip  trammor*  with  nrwn' 
high  fallibility  and  patirvatad  chip 
pflurar  trantriton  with  iKcalfant  tac- 
QruJery  brankdonrh  itrangih.  Bukt  i-in  *■  e  ■ 
i  cufranl  limiting  1*  provided  for  Sl- 
1060G  «nd  ill  device*  t*n  be  oper- 
etad  from  •  «iogl«  o*  *0^1  power 


ICompact,  clrcuH-powarad  multifunction  logic  probe.  Mu>n- 
,--n  Itamlly  compatabIHtv.  DTI/TTUHTUCMCK.  Traca*  logic  >*v* 

*  4V-OW  Lnd  pulaae  through  digital  circuitry  . . .  *44.96 


HYBRID 
AUDIO 
POWER 
AMPLIFIERS 

•  Multi -purpow  linear  amplifier!  for  commie*  end  Iraftn- 
Trial  applkacatioo*, 

•  Lets  than  0  5%  harmooic  dtitonion  at  full  power  I  era  I, 

•  1  f2  dB  reiponu  from  20  to  1 00,000  Hi. 

•  Single  or  split  (dual)  power  tuppiy. 

•  Rugged,  compact  and  I  i^twftight  package*. 

•  Built-in  current  I  an  I  ting  for  SMOWG  and  affklani  heal 
redialing  do n*i ruction. 

TYPICAL  CONNECTIONS 

Sl-IOSOG  WITH  SPLIT  SUPPLY 

LEFT  im  kj - 1 - ono - i 


SI-10Z0Q  120W  output]  *  * .  *13*9- 
SU1050G  (604V  output)  ,  . .  *26-80 


-O' 

«n  cn  ■  b**  ' ' 


Data  Shall  with  Application  Notes  -  SO. 68  i  _ 


MAIL  ORDER  ADDRESS  -  P.O.  Box  220SP,  Culver  City,  CA  90230.  S«nd  check  or 
money  order,  COD,  Master  Charge  and  Bank  Arne  ricard  welcomed.  Minimum  Order: 
$10.00.  Add  $1.00  to  cover  postage  and  handling.  California  residents  add  6%  sales  tax. 
TELEPHONE  ORDERS:  Call  1213)641^4064. 

ANCRONA  STORES  DO  NOT  ACCEPT  MAIL  OR  TELEPHONE  ORDERS 


P  \  CALIFORNIA  CALIFORNIA  ARIZONA  OREGON 

\  ANCHONA  ANCRONA  ANCRONA  ANCRONA 

W*.  6  1 1080  Jaffcrion  Blvd.  1300  E.  Edirrgar  Aw.  451B  E.  Broadway  1  t2B N.E  82nd  Ajjl 

information  Culver  City,  CA  00330  S*nt«  Ani.  CA  93705  Tucson.  AZ  85711  Ponlrnd,  OR  97220 
BOOKLET  (313)390-3695  1714)547-8424  {602)881-2348  1503)254-5541 

Only  $4.96 


GEORGIA 

ANCRONA 

3330  Piedmont  RcL,  NE 
Atlanta,  GA  30305 
(404)  261-7100 


TEXAS 
ANCRONA 
2649  Richmond 
Houston,  TX  77098 
{713)  529-3489 


CANADA,  0.C. 
ANCRONA 
Vancouver 
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$.  D.  SALES  CO. 


P.O.  BOX  28810 
DALLAS,  TEXAS  75228 


JUMBO  LED  CAR  CLOCK 

i.95  KIT 


Hotted  SdUtuj  Kit 
Me  Eva  'Jwiml! 


Ca*1 


ALARM  OPTION  -  ST. 50 
AC  XFMR  -  $1.50 


You  requested  itl  Our  first  DX.  operated  dock  kit.  Professionally 
engineered  from  scratch.  Not  a  makeshift  kluge  as  sold  by  others. 
Features: 

A.  Bowmar  Jumbo  .5  inch  LED  array. 

6.  MOSTEK -50250 -Super  Clock  Chip 

C.  On  board  precision  crystal  time  base. 

D.  1 2  or  24  hour  Real  Time  Format. 

E.  Perfect  for  cars,  boats,  vans,  etc. 

F.  P.C,  Board  and  all  parts  (less  case)  included. 


St 


3  579645 
MH2  Ti«rw 
Base  Crv&l*l 
Si  25 


39MF0 
16V  NUlory 
El«irelyikc 

is  io<  ii. 


23  PIN  IC 
SacMti 
3/SI  .00 
11  OOOMFO 
MWVDC 
Cwnpulw 
Grade 
Cad  S3 


60HZ  Crystal 
Time  Base 

$5.95 


1702A  2K  EPROM 

We  tell  it  like  it  is!  We  could  have  said  these  were 
factory  new,  but  here  is  [he  straight  scoop.  We 
bought  a  load  of  new  computer  gear  that  contained 
a  quantity  of  1701  Ars  in  sockets.  We  carefully 
removed  the  parts,  verified  their  quality,  and  are 
offering  thorn  on  one  heck  of  a  deal.  First  come, 
first  served.  Satisfaction  Guaranteed!  LL  V,  Erases’ 
ble.  12,3  US  access  time.)  NEW  PRICE! 


$2.95  each 


2/$10. 


FEATURES: 

A.  6QHZ  output  with  accuracy  comparable  to  a  digital 
watch. 

B.  Directly  interfaces  with  all  MOS  clock  chips. 

C.  Super  low  power  consumption  (1.5MA  typ.) 

D.  Uses  latest  MOS  1  7  stage  divider  IC, 

E.  Elimiates  forever  the  problem  of  AC  line  glitches, 

F.  Perfect  for  cars,  boats,  campers,  or  even  for  portable 
clocks  at  ham  field  days, 

G.  Small  size;  can  be  used  in  existing  enclosures. 

Kit  includes  Crystal,  Driver  IC,  PC  board,  plus  all  necessary 
parts  and  specs.  At  last  count  -  over  20,000  sold! 

S.D.  Sales  Exclusive! 


UP  YOUR  COMPUTER! 

21L02  1  IK  LOW  POWER  500  NS  STATIC  RAM 
Time  is  of  the  essence f 

And  so  is  power,  Not  only  are  our  RAM's  faster 
than  a  speeding  bullet  but  they  are  now  very  low 
power.  We  are  pleased  to  offer  prime  new  21L02 
I  low  power  and  super  fast  RAM's,  Allows  you  to 
STRETCH  your  power  supply  farther  and  at  the 
same  time  keep  the  wait  light  off! 

8  for  $12.95 


$12.95  S.  Sola  EmImwc/  $12.95 

MOS  6  DIGIT  UP-DOWN  COUNTER 

40  PIN  DIP.  Everyihmu  you  ever  wanted  in  a  counter  chip.  Features:  Direct 
LED  segment  drive,  single  power  supply  (12  VDC  TYPE),  six  decades  up/down, 
pre  loadable  counter,  separate  pre-loadable  compare  register  with  compare  out- 

{)Ul,  BCD  and  seven  segment  outputs,  internal  scan  oscillator,  CMOS  compatible, 
eading  zero  blanking,  1MHZ.  count  input  frequency.  Very  limited  quantity! 


IC's  from  XEROX 


7400  -  Ac 
7402-  )e 
7404  -  Oc 
7406-  11c 
7407  -  11c 
7410-  Oe 
7416  -  lit 
7420  -  9c 


7430  —  9c 
7440  —  9c 
74  37  -  10c 
7438  -  10c 
7451  -  9c 
7474  -  16c 
747B  -  24c 
74BS  -  tfle 


7493  -  26C 
74121  -  22c 
74123  **  32c 
741 5  T  -  22c 
741 GG  -  72c 
74193  -39c 
6233  -  36c 
lni«4  -  1302  -45c 


JO'S  REMOVED  FROM 
PC  BOARDS 
ALL  TESTED: 
FULL  SPEC. 


1000  MFD 

F  dtoT Cap* 

35  WVDC  Up- 
rtghi  *tyl«  witti  PC 
Judi.  Mem  popular  val¬ 
ue  for  hobbynti-  Com¬ 
pare  i|  up  to  $1.19  ta. 
Iicm  IpiwtwW  type  b 
beet r on (c  pani  ■.Iqmh, 

4/$1.00 


SLIDE  SWITCH 
Assortment 

Our  b*ii  teller. 
miniature  and  ltandord 
lim.  im^le  end  multi, 
poirtbon  unlti.  AH  new, 
lim  nanw  bond.  Tty 
one  package  and  You'll 
reorder  more!  Special! 

12/S1.00 


ROWER 
RESISTOR 
15  OHM 
25W 
BY 

CLAROSTAT 

75<£  ea. 


RESISTOR 

ASSORTMENT 

%W  6%  A  10%  PC 
leodt.  A  ijo ckI  im»  ol 
valun. 


200/$2. 


P.C.  LEAD 
DIODES 

1M4148/1M914 

1 00/52 .00 
1N40O2 -  1A 
100  PIV 


40/$1. 


Transistor  Grab 
Bag  no.  1 

Juit  received  a  b*xkJ. 
mixed  lot  o!  htaiionat 
T092  plavic  (wiit 
tori,  PNP  A  NPN,  even 
a  tew  FETV  40  to  60% 
Ytekf.  Unte»t>4.  Am*. 

500/$3. 


DISC  CAP 
ASSORTMENT 

PC  Irwli.  At  leaxl 
10  diMartoi  mI> 


001, 

Dlui 


J0 1, 

otl>et 


4# 

Van- 


60/$1.00 


$9.9  5  kit 

P.C.  Board  -  $3.00 
AC  XFMR  -$1.50 
Do  not  con  fuse  with  Non- Alarm 
kits  sold  by  our  competition f 
Eliminate  the  hassle  — 
avoid  the  53141 


SIX  DIGIT  ALARM  CLOCK  KIT 

WE  MADE  A  FANTASTIC  KIT  EVEN  BETTER.  REDESIGNED  TO  TAKE  ADVANTAGE  OF  THE 
LATEST  ADVANCES  IN  IX.  CLOCK  TECHNOLOGY.  FEATURES:  LITRONJX  DUAL  W*  DIS¬ 
PLAYS,  MOSTEK  50250  SUPER  CLOCK  CHIP,  SINGLE  IX.  SEGMENT  DRIVER,  SCR  DIGIT 
DRIVERS.  GREATLY  SIMPLIFIED  CONSTRUCTION.  MORE  RELIABLE  AND  EASIER  TO 
BUILD.  KIT  INCLUDES  ALL  NECESSARY  PARTS  (except  case).  P.C.B,  OR  XFMR  OPTIONAL. 
A f£W?  WITH  JUMBO  LED  READOUTS* 


MOTOROLA  SCR 
2N4443.  8  AMP  400  PIV. 
P.C.  Leads.  $3/51.00 

FAIRCHILD  -T8A  641 
4W.  Audio  power  Amp.  Just 
out!  In  special  heat  sink  DIP. 
One  super  audio  IC. 

$1,50  with  data 
AC  LINE  FILTER 
Rated  3  AMPS  -  115y230V 
50  to  400  HZ. 

Noise  Proof  Your  Computer 
S3. 00  each 

GRAB  BAG  NUMBER  2 
Mixed  Motorola  TO-18  case  met¬ 
al  transistors.  About  60%  yield. 
PNP  &  NPN.  Untested.  A  good 
assortment!  100  for  $3.00 

PRICES  SHOWN  SUBJECT 
TO  CHANGE  WITHOUT 
NOTICE. 


flj  ^§£5 r  COMPUTER  POWER  SUPPLY 

^2*0^r**  vi? i y  toriunate  purchaie,  One  of  the  best  Indurtrial  quality  PEG 


$12. 


LILA  TED  supplies  wl*  Pave  seen.  High 
Input  v  120VAC  GOHZ.  Hat  Die 
5VDC(ri>80QMA,  ISVDC^’I  25AMP; 
a  fraction  of  original  coit.  Do  yourself  a  favor  and  order  NOW. 


PEG- 

performance,  small  size, 
ilited 


following  regulated  outputs 
-25VOCP180MA.  Sold  al 


AMD  -  1702A 

Factory  Prime  Units  —  Brand  New  —  1.5  Micro-seconds  Access  Time,  —  $4.95  each 
10  FOR  $40,  HUGE  FACTORY  DIRECT  PURCHASE! 


TERMS: 

MONEY  BACK  GUARANTEE. 
NO  COD'*.  TEXAS  RESIDENTS 
ADD  5%  SALES  TAX.  ADO 
5%  OF  ORDER  FOR  POSTAGE 
&  HANDLING.  ORDERS 
UNDER  $10.00  ADD  75c. 
FOREIGN  ORDERS:  U.  S. 
FUNDS  ONLY! 


Call  your  Bankamericard  or 
Master  Charge  order  in  on  our 
continental  United  States  toll 
free  Watts: 

1-800-527-34G0 

Texas  Residents  Call  Collect: 

214/271-0022 


CHEAP  DC  SUPPLY 

AcrtiHly  art  AC  hlHttr  for  cdeulilpn, 
BVDC  no  load.  8VOCV20QMA, 
4VDC*37SHA 


$2.  ea. 


S.D,  SALES  CO, 

P.O,  BOX  28810  -  D 
DALLAS,  TEXAS  7S228 


Orders  over  $15.  -  Choose  $1.  FREE  MERCHANDISE! 
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39  Poly  Paks  . . . . . . .  .  .109 
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CLASSIFIED  ADVERTISING 

97,  98,  100,  102,  106,  112 


WICtALIlYCinM 


CRVJTALt 


1C  MARKET  PLACE 


CONTI  MCHTJU.  IPECtAtTUt 


P,  O.  BOX  17329 
Irvine,  California  92713 
New  Phone  (714)  5584813 


•5* 


V1PUTER 


ClftCU  NO  3  ON  mt  IkfORMAHW  CAAO 


ABOUT  YOUR  SUBSCRIPTION 


Your  subscription  to  Popular  Electronics  is  maintained  on  one  ol  the  world  s  most  modem,  effi¬ 
cient  computer  systems,  and  if  you're  like  99%  of  our  subscribers,  you'll  never  have  any  reason  to 
complain  aboul  your  subscription  service. 

We  have  found  thal  when  complaints  do  arise,  the  majority  of  them  occur  because  people  have  writ- 
ten  their  names  or  addresses  differently  at  different  limes  For  example,  if  your  subscription  were  listed 
under  "William  Jones,  Cedar  Lane,  Middletown.  Arizona,"  and  you  were  to  renew  ii  as  Bill  Jones,  Ce¬ 
dar  Lane.  Middletown.  Arizona,"  our  computer  would  think  that  two  separate  subscriptions  were  in¬ 
volved.  and  it  would  start  sending  you  two  copies  of  Popular  Electronics  each  month.  Other  exam¬ 
ples  of  combinations  of  names  thal  would  confuse  I  he  computer  would  indude'  John  Henry  Smith  and 
Henry  Smith:  and  Mrs  Joseph  Jones  and  Mary  Jones  Minor  diflerences  in  addresses  can  also  lead  to 
difficulties.  For  example,  to  the  computer,  100  Second  St.  is  not  the  same  as  100  2nd  St. 

So.  please,  when  you  wnle  us  about  your  subscription,  be  sure  to  enclose  the  mailing  label  from  the 
cover  of  Ihe  magazine— or  else  copy  your  name  and  address  exactly  as  they  appear  on  the  mailing 
label.  This  will  greatly  reduce  any  chance  of  error,  and  we  will  be  able  to  service  your  request  much 
more  quickly. 
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AMAZING  &  HARD-TO-FIND 
SCIENCE  BUYS  I 

ALTERNATE  ENERGY 
SPACE  AGE  •  HOBBIES 


SUPER  POWER  FOR  ANY  AM  RADIO 

Antenna  assist  has  pulled  in 
stations  up  to  1000  miles*  oil! 

P*a  wires,  clips,  grounding.  SothJ 
stale — ro  elec,  halt?  .  lubes. 

No ,72,D95AV  $19.95  Pp*L 
■ffiE L;i  ULTRA SELECT-A-TENNA 

»  ,  (over  iooo  miles) 

1  No.  72.147AV . „„mt5 

_ _ SUBJ,  TO  LOCAL  COND. 

SAVE  50% l  9  x  20  MONOCULAR 

Top  quality  Spy  Scope,  a  $30 

-  value,  now  $14.95!  Special  pur- 

chase  saves  you  50%.  100% 
^  coated  optics;  393  It  field  of 
view.  Only  2  az— stores  in 
W  ”  pocket,  purse,  glove  boi 

Hc  J  5«  AV  „  *1 4.95  Ppd. 

GIANT  MAGNET,  LITTLE  PRICE! 

-  Tie  a  line  to  our  over-ISO  Ib.-lifl 

\  ceramic  magnet  and  haul  up 
treasure  from  the  sea.  4  ceramic 
magnets.  In  series,  between 
steel  plates.  A  l-lb,  “giant"! 

No,  42.31  SAV  (1  x  m  K  W) - 911.95  Ppd. 

NASA-CHOSEN  FOR  APOLLO/SOYUZ 

The  Astronauts  used  this  super 
20X60  binocular  {modified)  to 
'  *  new  Earth!  Big  60  mm  objective 

lenses,  173-tt  field  of  v*w  at 
1000  yds  Retain*  brightness, 
9.0.  Fully  coated  optics,  mom! 

No.  1556AV _ (ttt) tBW;  47.5  oz)  999.95  Ppd. 

MEASURE  WIND  SPEED  ANYWHERE 

?Hold  handy  (16  oz  ►)  tow  cost 
Anemometer  into  the  wind, 
quickly  lead  wind  speed  on  its 
big  dial — from  5  to  70mpb,  Acc. 
la  =3%  of  full  scale  [2.1  mph|; 
no  baits.,  adjustments,  recall- 
bratian  req  !  )7Vi'  M(GH) 

No.  42.42SAV.  S  19.95  Ppd. 

WORLD'S  LARGEST  SOLAR  CELL. . . 

S  (ha  most  powerful  silicon, 
cheapest  dollar  per  watt!  4“  dia. 
giant  can  put  out  1  full  watt, 
JEaUmr  2  amps  of  current  at  ,45v. 
^Rated^QOmWCm3  light  Intens. 

No. 42,314 AV.fTAB  LEADS). . . . $29.95  Ppd. 

No.  42J70ftV^(1  AMPViW3'DIA,)......Sl7.9SPpd. 

DELUX  HI-TEMP 
SOLAR  FURNACE 

Oversized  Fresnel  lens  enables 
unit  you  screw  together  to  attain 
temperatures  over  2000F  at 
prime  locus'  Use  to  temper  small 
parts;  lire  enamel  on  jewelry, 
more!  6  pads  easily  assembled 

-  w/i«jtrs. 

No.  80,253WfaV»  lb,  34*  hi) . . . $59.95  Ppd 


n 


? 


►V.' 


THERE  IS  NO  OTHER  TELESCOPE  LIKE  IT! 

THE  NEW  EDMUND  4V4",  1/4 
NEWTONIAN  WIDE  FIELD 
^  REFLECTOR  TELESCOPE 

Clear,  bright,  spectacular  wide  angle  views  of 
stars,  moon,  comets , . .  easy  to  use . . .  porttNe! 

r  IN  MCONOfcTOU  «e  SCANNING  TMt  ASTOUNDING  UNlVf  Rlt,  104  to 

ih  end  ilwJy  th«  breilM*k*ng  covno*  «  you  n*v*r  hew*  6*lov* 

.  . .  flwrtom*  vtilneit.  vjnt»i**i&W  or0*rtirie».  U*rk  start  buutv  AH  m* 
fascinating  rv*i*«n,y  myetenex  am  yours  10  *rt*r  and  e^p'-ara  This  n*w 
retwclor  tfWscop*  meka*  il  ***y  tor  rwyow  lo  span  i  ihovtand  litfht-y**rs  lo 
sp»»  aga  onroymenl  d1  the  tiaavens  and  outdoors  No  complicated  set  up1  Just 
interi  tb*  ryep**ca.  focus,  and  ii*  big  3Vi  fi«ld  or  view  goes  you  more  stars  in  a 
single  viww  thin  any  other  type  of  tate scope  Bnght.cnsp  rm*ly  r* solved  images 
to  capiura  y  our  mtarest  end  imagination  It  t  probably  Ih*  #•**•«  lo  use  telescope 
e v*r  .  over  your ihou<d*r.m  your  lap. on*  tripod  Or  pel  rotate  th* spherical  bass 
on  Ha  own  mount  tor  use  on  ■  labie.  car  hood  Take  it  anywhere  (only  tr.  10  66  J 
Top  Quality  optical  system  4  V,  Ir4  parabolic  primary  mirror  wave  17*  F  L  J 
prealigned 1 V  wiv«d>agonal  on  a  coated  optical  window  Mats  opnc* from  moisture 
and  dust.  28mm  K«tln*r  «y*pi«ca  [gives  15X,  Signer  without  other  >y*pieca  or 
Barlow)  Fast  fo-cuiing(?5  To  mP'oily)  Bright  Scharlanian red jdbasn  t impair  night 
vmonj.adi  carryingsirap  A  iirtf  scop*  mutt 

N0.2001AV  S149&. 


W  |»  The  Edmund  BI0S0NE II 

turns  brainwaves  into  an  audible  or  visual  signal  $149.95 

9  of  KNOW  YOUR  ALPHA  FROM  YOUR  THETA! 

^  A  For  greater  relaxation,  concentration . . . 

L  tJW  monitor  your  alphaflhata  brainwaves. 

Features  Normally  Found  Only  In  Units  Selling  For 
More  Than  $200.00— And  3  Feedback  Modes. 

9  |  !  „js  _t-  'flk  ThepcuTabto,  professional  quality  Edmund  Biosone  1 1  boasts  3  feedback 

modes—LEO  FM  tone,  threshold  tone;  a  lest  mode  to  check  overall 
1 ''' system  cf  operation  Easy  to  use,  this  beautiful  4  pound,  simulated 
» 'V  r  f  I  walnut  umt  (9Vj  k  5H  k  4V4'j  can  be  operated  at  home,  in  office  or  clinic,  tt 

**  j ji  gives  you  outputs  to  allow  further  monitoring  of  logic  signal,  raw  EEG, 

„  *,  ;  „  ’•  4kj  frlter  output,  ntoter.  and  FM  Total  brainwave  monitoring  capability,  met, 

^*WH  litter  select  feedback,  with  wide  range  calibrator  sensitivity  control 

"V'l  (S’  100  microvolts).  Completely  sale,  the  Edmond  Biosone  ll  is  similar  to 

an  electroencephalograph  (EEG),  enabling  you  to  identify  the  etectro- 
» chemica'  activity  *hat  exists  at  ail  limes  in  the  human  pram.  In  addition  to 
4ffe?  Bfc  letting  you  know  when  you  re  most  relaxed.  Biosone  ll  Is  a  great 

I^Eiiwnmh  conversation  piece  included  at  its  low  price  are  a  set  of  electrodes,  an 
>  *  I  earphone  jack  for  private  use.  Uses  latest  advances  m  linear  circuitry. 

V  V  ■  O  V  O  I  runs  on  tvy°  ^  trao$iSlor  batleries  (not  included) 

Ut  W  m  |  STOCK  NO.  1668AV  . Juit  *149.«  ppd. 

LOW  COST  STARTERS'  UNIT  Na  71  WAV  «...  $59.95  ppd. 


“SEE”  MUSIC  I 


IN  PULSATING  COLOR 


ASSEMBLED  $, 
NO.  42.309AV 


UNASSEMBLED.  IN  KIT  FORM 


No.  42.336AV  ONLY  I 


STOPWATCH  I  n,Fn  n 

Hand  held  5  ci  digital  slop-  I  UNASSEMBLED,  t 

watch  counts  up,  down,  sounds 

alarm — w/full  range  1X0 display  ft  m 

(9  hrs..  59  nuns.,  59  secs.)  Has  I  No.  42.336AV  Oi 

start/stop  (tirne-oulVreset  but-  ■ 

tons.  Accurate  alarm  dock!  3  M  K 

No,  1692AV  (2,8  x  43  x  1.1> _ $49.95  Ppd. 

ELECTRONIC  SOUND  COLLECTOR 

Tune  m  a  whisper  at  20  ft.,  nor- 

mal  conversations  up  to  100  ft..  Blif  I  Jtln  ll  till  Ll 
birdcalls  A  high  tree  sounds  at  ■MWKiiliuXy 
f  T  Jftlkn  almost  200  ft  Nearly  twice  as  ■  >  piw 

\  /  *  far  ewer  water*  Check  on  baby, 

V  beds!  IB"  reft  disc.  mike.  etc. 

\/jlA  No,  60,176AV  $32.25  Ppd.  ^ 

QUALITY  DETECTOR  UNDER  $40  _  jFj 

Our  fully  transistorized  B>f0  unit 
can  locate  a  quarter  at  18' 

Powerful  6  trios. -oscillator- 
amplifier  circuit.  Como,  lo 
others  priced  50%  more!  Alumi- 

nurt,  just  2  ft.  ^jliLlIUWU'UIlMirrMt 

_  No.  M.222AV  $39.95  Ppd, 

9  EDMUND  SCIENTIFIC  CO. 

300  Edscorp  Bldg..  Barrington.  N  J  00007  •  (609)  547-3486 

America's  Greatest  Science  •  Optics  •  Hobby  Center 


The  Edmund  al  R  50 

3-Channel  Color  Organ  I O 

COMPLETELY  ASSEMBLED!  LESS  THAN 
HALF  THE  PRICE  OF  OTHER  MODELS! 


Create  your  own  audio  light  show  ’,  add  a  new 
dimension  to  your  music  listening  pleasure  with 
the  bargain^priced  Edmund  3-Channel  Sound  To 
Light  Control.  Lets  you  modulate  3  independent  sitings  of 
colored  lamps  with  the  intensity  of  your  music.  They  flash  and 
50  vary  in  brightness  related  lo  the  music  s  rhythm,  pitch  and 
volume— a  pulsating  light  performance  to  music!  You  get 
volume  and  frequency  sensitivity  to  a  peak  rating  of  300  watts 
per  channel.  Just  plug  in  your  favorite  colored  flood  or  spot- 
95  light,  and  turn  on1  Great  price,  too  This  high  quality,  fully 
Ppd.  assembled  unit  in  metal  housing,  wilh  3  individually  controlled 
circuits,  is  priced  at  less  than  half  that  of  others.  Complete 
instructions  are  included  with  this  terrilic  value. 


EDMUND  SCIENTIFIC  CO.  sod  Edscorp  Bldg.,  Borrintton,  N.  J.  0B0O7 
mmmmrni bsh  Send  me  the  following: 

aaaatt  ImEfr  Stock  No.  Quantity  Price  Ea. 


_S£N0  FREE 
164  PG  CATALOG  MAV" 
ChafQe  my  Q  Aznencan  Enp 
P  BaokAmeneard  O  Maslw  Chg 

Interbank  No 


Eipiration  Date _ 

30-OAV  MONEY-BACK  CUAft- 
ANTEE.  You  must  be  satis¬ 
fied  or  relurn  any  purchase 
in  30  days  for  full  refund. 


Md  handling  charge  1 

Enclosed  is _ check, 

_ M.0.  In  amount  of  1 

Signature— - - - 


City,  State,  Ztp 
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POPULAR  ELECTRONICS 


of  perfection  in 
stereo  sound... 
Pickering’s  new 

XSV3000 


The  reviewers  applaud  as  never  before! 


.  -  we  don’t  see  how  you  can  do  better  at  any  price,” 

Hirsch-Houck  Laboratories.  Stereo  Review,  February  1977 

"The  new  unit  offers  the  stereo  performance  of  the  XU V/ 
4500Q  (or  perhaps  a  little  better  than  that)  at  a  lower 
price.  It  seems  hard  to  go  wrong  with  such  a  combina¬ 
tion.” 

CBS  Technology  Center.  High  Fidelity.  February  1977 

"Congratulations  to  all  concerned  on  a  fine  contender 
amongst  the  world’s  best  stereo  pick-ups.” 

John  Borwick.  Gramophone,  United  Kingdom  1977 

Pickering’s  new  XSV/3000  is  a  remarkable  develop¬ 
ment.  It  possesses  a  totally  new  and  different  design  that 
makes  it  the  precursor  of  a  whole  new  generation  of  so¬ 
phisticated,  advanced  stereo  cartridges. 

This  has  been  made  possible  by  technological  advances 
in  two  areas.  First,  it  has  an  unusually  tiny,  samarium 
cobalt  {rare  earth)  magnet  of  remarkably  high  power  that 


permits  extremely  low  mass,  and  also  offers  high  output. 
Second,  this  cartridge  features  the  new  Stereohedron™ 
stylus  tip,  a  Pickering  first!  This  extraordinary  shape  has  a 
far  larger  bearing  radius,  which  provides  increased  con¬ 
tact  area  in  the  record  groove.  This  assures  gentler  treat¬ 
ment  of  the  record  groove,  longer  record  life,  and  also, 
far  longer  stylus  life. 

This  cartridge  provides  remarkably  smooth  and  flat  fre¬ 
quency  response;  its  channel  separation  is  exceptional, 
its  transient  response  possesses  superb  definition. 

Truly,  Pickering’s  XSV/3000  represents  a  whole  new 
concept  of  excellence  in  stereo  cartridges ...  the  true 
Source  of  perfection  in  stereo  sound. 

For  further  information  write  to 
Pickering  &  Co Inc .  Dept.  PE, 

101  Sunnyside  Btvd Plainview, 

New  York  11303 

PICKERING  &  CO,,  INC,,  COPYRIGHT  1977 


©PICKERING 

~for  thosm  who  csn  hear  thm  dtfformnco“ 


ClftCLE  M  M  ON  Fflrt  INFORMATION  CARD 


you’ve  got  the  world  by  the  ears. 


There  are  millions  out  there  with  their  ears  on 
waiting  to  talk  to  you  Pace  to  Pace 
And  with  a  Pace  CB  two-way  radio  you've  got 
every  bit  of  power  the  law  allows.  And  features 
to  cut  through  interference  and  ‘bleeders1 
from  other  channels. 

What's  more,  it's  assembled 
with  computerized  circuitry 
and  it's  100%  solid  state, 
so  it's  as  trouble-free  as 
a  CB  can  be. 

It  all  adds  up  to  your 
voice  getting  out 


there  clearer  and  with  less  distortion,  and  the 
other  guy's  voice  coming  back  just  as  clear 

To  learn  more,  drop  into  a  Pace  place  near  you. 
The  dealer  will  tell  you  just  how  economical 
and  easy-to-install  a  Pace  is.  He'll  help  you 
choose  the  one  that's  just  right  for  you.  too. 

Ask  him  for  the  world  by  the  ears.  He'll  know 
which  CB  you're  talking  about. 


jM 


w 


PACE  CB80T5 


*  > 


;  i 


pace 

■  PACE  CB.  PACE  TWO  WAY  RADIO  PRODUCTS 
3¥  PATMCOM  INC ,  HARBOR  OTY  CA  90710 


ClflCU  NO  3  T  OH  fR£F  iMFORUAHQN  CARO 


